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f greatly accelerates precipitatiozii so much so 
: that OS g* brings down all the phosphorus^ unless present in mere 
traces, in a few minutea 

: (5) ^igh temperatures favour precipitation. With only o»0$^g, bf 
^ phosphoric acid in loo c.c., the precipitate is instantly formed at boiling 
temperature, especially on rubbing with a glass rod. Precipitates from 
ho| solutions are crystalline and filter better than those from cold 
Solutions, 

(6) There must be at least twice, as much molybdic acid as is 
theortftically required — that is, at least 24 molecules to i of phosphoric 
acid, 

(7) Cold water, very dilute acids, and solutions of ammonium salts 
have a slight solvent action on the precipitate. 

It is important that the liquid to be precipitated should be free from 
silicic acid, since this yields a compound with molybdic acid closely 
, resembling the phospho-molybdate. Also, all the phosphorus must 
, be present as phosphoric acid, since the lower oxides of phosphorus 
are not completely precipitated. After drying at 130® to 150"*, the 
pi'ecipitate consists of (NHJgPO^. 12M0O3, and contains 3782 per 
cent. P2Pg, or 1-651 per cent, of phosphorus; owing to slight decom- 
position it is usual in practice to take 1-63 as the percentage of 
phosphorus. 

Limonite must be ignited before solution to remove the organic 
matter which is always present, as this interferes with the complete 
precipitation of the phosphoric acid. 

The determinatfon of phosphorus is carried out as follows : — From 
O'S to 10 g. of the sample is weighed out according to the approximate 
proportion of phosphorus present; for basic slag 0-5 g. ; for calcareous 
ironstone, limonite, and puddle slag i g. ; for red and brown haematites 
and magnetic ores 5 g.*; and for ores for acid pig irons 10 g. The 
weighed •portion is dissolved in coifcentrated hydrochloric acid, the 
Solution evaporated to dryness, taken up with hydrochloric acid and 
evaporated down agairr, baked, and the residue digested with 10 to 
20c,c, of nitric acid of sp. gr, i-2. After diluting, warming, and filtering, 
and washing the residue with water containing nitric acid, the volume 
of the liqiyd shpuld not exceed 20 c.c. if i g. of the sample was ^taken, 
pr 50 c.c. for largef quantities. The solution is then neutralised with 
ammonia, i g. of ammonium nitra^ addecf, the liquid heated to about 
8o^ and precipitated ^ith 25 to jo»ac. of ammonium nfblybdatfe solution 
prepared as follows :«i 50 g.*of pure ammonium njolybdate is dissolyod 
in water; 450 g.pf ammonium nitrate is then added to the solution, 
^hole diluted to icx>o c.o»,^poured*into 1000 cc. of nitric acid of m gr^ 
1-19, iflowed to stand for twenty-foilr hours at 35^ and ^hen filwred^ 
the irecipitation of thp phosphorus ^nay be regarded ^ complete after 
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standing for half an hour at yd" to 8 o°. The phospho-molybdate is 
then filtered off and washed till free from iron with water containing 
5 per cent, by volume of concentrated nitric acid. The precipitate is 
then dissolved in warm dilute ammonia; the solution is collected in 
the vessel in which the original precipitation was effected, and the filter* 
paper washed with a 2*5 per cent, solution of ammonia. Hydrochloric 
acid is added to the solution thus obtained to just short of repr^ci- 
pitation, then 2 c.c. of magnesia mixture and one-third of the whol^ 
volume of ammonia; the liquid is well stirred and allowed to stand 
for fifteen minutes. In order to obtain the characteristic crystalline 
precipitate of the composition MgNII^PC^. dH^O the precipitation 
should be made from a hot solution.^ Very small amounts of phosphate 
may need longer standing ; in any case, the precipitate sliould settle 
clear out of the liquid. The magnesium precipitate is pitered off, 
washed with dilute ammonia, burnt wet in a platinum crucible, ignited 
till perfectly wliite, and weighed as Mg.>l\,07. If it is not quite white, , 
a few drops of nitric acid may be added, evaporated off, and the ignition 
repeated. 

With arsenical ores certain precautions arc necessary, since both 
the molybdate and the magnesium precipitates will contain arsenic. 
If there is but little arsenic, advantage may be taken of the fact that 
magnesium ammonium arsenate requires much more time to separate 
out — at least twelve hours — than the phosphate. When an appreciable 
proportion of arsenic is present, the magnesium precipitate is dissolved 
in hydrochloric acid, the solution treated with sulpliurcttcd hydrogen 
at 70°, the arsenic sulphide filtered off, the filtrate boiled down 
with a little potassium chlorate and reprecipitated with magnesia 
mixture. 

Titanium, if present, also gives a precipitate with molybdic 
acid. The ore must then be fused with four times its weight of 
fusion mixture and the melt extracted with water, when titanium 
dioxide remains undissolved. The filtrate is freed from silica by 
evaporation with hydrochloric acid, and baking, and is then treated 
as above. 

Instead of converting it into magnesium ammonium phosphate, 
the molybdate precipitate may be weighed direct. This may be carried 
out by filtertijg on tq a carefully tared filter paper, drying and weighing 
the whole or, if a hard surfaced filtfer paper is used the precipitate may 
be brushed offwKh a suitable camel fcair brush. ^Tn some laboratories 
^n^ammoniacal solution of the molybdate precipitate is evaporated 
till nearly free from ammenia, an adequate quantity of dilifte -nitric 
acid added, and the fivaporation coulinued. c«When the mass becomes* 
pasty, it is cautiously taken t 6 efryness^over au^asbesto^ sheet*or wire 
t ^ ^ €^och, Z. anor^.tChfm., 1899, 20, ys. 
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gauze, and heated to 130° to 150° until a watch-glass laid on the dish 
shows *no sublimate after half a minute. The residue is then allowed 
to cool in a desiccator and weighed. 

Ores containing heavy spar must invariably be treated by fusion 
• or by solution in acid and subsequent fusion of the residue, since 
the latter sometimes retains more than half of the total phos- 
phorus. It is generally advisable to examine insoluble residues for 
phosphorus. 

The following is a brief description of the method of determining 
the pk)sphorus in iron ores in use at the laboratory of the Monongahela 
Furnace, McKeesport, Fa.^ 

From 2 to 5 g. of the ore is digested with 75 to 1 50 c.c. of concentrated 
hydrochloric acid and the solution evaporated to hard dryness. About 
100 c.c. of strong hydrochloric acid is poured on the residue and the 
mixture boiled until the solution is concentrated to about half this 
volume ; water is then added and the diluted solution filtered, keeping 
the volume of the filtrate as small as is convenient. The solution is 
then twice evaporated with nitric acid to get rid of the hydrochloric 
acid. The insoluble residue is ignited and the silica driven off with 
hydrofluoric acid. The residue is fused with sodium carbonate, dis- 
solved in nitric acid, and the solution filtered into the main solution. 
The whole is then placed in a 500 c.c. Krlenmeycr flask and dilute 
ammonia added until the solution becomes pasty and smells ammoniacal ; 
the precipjtate is then dissolved in a slight excess of nitric acid, and 
the solution heated up to 8o'\ when 40 c.c. of the molybdate solution 
is added. The soliTtion is agitated by a current of air for about five 
minutes, filtered, while still warm, on a tared filter paper, and after 
washing thoroughly with five per cent, nitric acid, the yellow^ precipitate 
of ammonium phospho- molybdate is dried and weighed. 

Sulphur and Sulphates. — In many ores only the total sulphur 
present is required, but in some it is necessary to determine the soluble 
Sulphate sulphur, repre.senting mainly calcium sulphate, but sometimes 
also partially oxidised pyrites in the form of sulphates of iron, zinc, etc. ; 
the pyritic or sulphide sulphur; and the insoluble sulphate sulphur in 
the form of barytes. 

Total Sulphur.-~ln this determination it is preferable to decompose 
the ore by fusion nath^r lhap to dissolve it in acjd. Ihr.ee gr^ms of 
ore is iT;ixed with an equal quantify' of sfdium carbonate containing 
10 per cent of potassium nitrai^ gradually heated a red# heat in a 
platinum crucible, and fuspd for some tirfte. 1 he melt is extracted 
with Jiot w^ter, thc*filtrate evaporated to^ dryness with hydrochloric 
iiEcid, an*d baked, the resicji^ taken^ up with hydrochloric acid and hot 
water,* trhe silioa filtcrcd^ofif, the*cleaj;ai:i( 4 ified solution precipitate<?with 

1 Melhodi ofIf%n Analfm, 12 (see Lilen^l^re, p. 93). 

• • ♦ 
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barium chloride, and the total sulphur weighed as barium sulphate in 
the usual way {cf. Vol I., pp. 367-9). A blank determination usfng the 
same reagents is necessary. 

Soluble Sulphur. — From 3 to 10 g. of the finely divided sample is 
extracted several times with cold water until the extract contains no* 
sulphates. The extract is then acidified with hydrochloric acid and the 
sulphur precipitated with barium chloride in the usual way. 

Sulphide Sulphur. — The residue from above is treated with nftriot 
acid, followed by hydrochloric acid and heated until decomposition is 
complete. It is evaporated to dryness, taken up with hydrochloric acid 
diluted, filtered, and barium chloride added to the filtrate. 

Insoluble Sulphur. — The residue from above will contain any 
barytes present. If not much silica is present, it should be treated with 
hydrofluoric acid, evaporated to dryness and fused with, pure sodium 
carbonate. The fused mass is extracted with hot watci^^ and filtered. 
The filtrate is just acidified with hydrochloric acid and barium chloride ' 
added. The residue will consist of barium carbonate, and may be 
dissolved in a little hydrochloric acid and sulphuric acid added to 
precipitate the barium. The weights of the two barium sulphate 
precipitates should be the same, and represent the barytes present in 
the ore. 

Titanium. — The deterrdination of titanium,^ which frequently occurs 
in iron ores, is somewhat complicated, but has been facilitated by 
the introduction of the ether separation process. The following method, 
described by Ledebur, is employed to a considerable extent : — 

Five grams of the ore is dissolved in hydrochloric acid, when part 
of the titanium is left behind in the residue. The solution is extracted 
with ether to remove the iron, as described on p. 6. Phosphoric and 
titanic acids remain in the aqueous solution, though the lajtter may 
separate out in flocculent particles. Meanwhile the residue is melted 
with fusion mixture, the silica separated in the usual way, ^ignited, 
and evaporated with hydrofluoric and sulphuric acids, any residue of 
titanium dioxide being fused with acid potassium sulphate. The 
separated solution and the extracts of the two melts are then united, 
neutralised, and boiled with sodium acetate, whereby any residual iron, 
together with alumina, phosphoric acid, and titanic acid, are separated 
from Ithe cl\lorides of the other metals^ prcsgit. The basic acetate 
precipitate, after washing ^/ith ho^, water, is again fused with fusion 
mixture and lixiwated ; the residue tjj(^n containsTerric oxide, alumina, 
and all the titanic acid. It is wa.shcd, dri^d, and^ again fuvsed with not 
1es5 than twelve times its weight of acid pota.ssium sulphate^ until jsvery 
particle is, dissolved. The melt i§ cljssolved'i^ip cold water, treated with^ , 

^ See Tiianiuj^ with special reference Ho Analysis TiUnif'erous Suislames, by W. H. 
Thornton. Chemica[ Catalog^iCo. „ 
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sulphuretted hydrogen, filtered from any precipitate of copper or 
platinum sulphide, and boiled in a conical flask for an hour. The 
titanium dioxide is thus precipitated and is filtered off, washed, dried, 
Ignited, ^nd weighed. 

In another method of dealing with the solution from the sulphate 
fusion, after precipitation of copper as sulphide and filtering, a little 
tarjaric acid is added, the solution made ammoniacal and treated with 
TOore sulphuretted hydrogen. The ferrous sulphide is filtered off, the 
filtrate acidified with dilute sulphuric acid and the titanium precipitated 
with (fupferron in the cold (sec p. 82). 

Ledebur has proposed to separate the bulk of the iron from titanium 
by reducing the ore in a current of hydrogen and dissolving the metallic 
iron formed in sulphuric acid (1:40); the silica in the residue is then 
removed by treatment with hydrofluoric acid. Trulot and Riley ^ have, 
however, shown that it is necessary to evaporate with sulphuric acid, and 
ignite, as otherwise titanium is volatilised as the fluoride TiF4.2HF. 
The titanic acid is then dissolved by fusion with acid potassium sulphate, 
the melt dissolved in water, and the titanic acid precipitated by pro- 
longed boiling. Any ferric iron present is reduced to the ferrous 
condition by passing sulphuretted hydrogen into the solution, whereby 
any precipitation of basic sulphate is pfevented. When the ore 
contains more than o-i per cent, of phosphoric acid, the residue, after 
treatment with hydrofluoric acid, is fused with sodium carbonate, or 
the phosphoric acid is precipitated with the titanium. The aqueous 
solution then contains the whole of the phosphoric acid, whilst the 
titanic acid remains in the residue and is fused with acid potassium 
sulphate. 

Tungsten. — Iron ores proper very seldom contain tungsten. From 
I to 2 g^of the finely divided sample is digested in hydrochloric acid 
with thp addition of nitric acid from time to time. When decomposition 
is apparently complete, it is evaporated to dryness, hard baking being 
avoided. The residue is treated once more with hydrochloric acid and 
again taken to dryness.* It is taken up with hydrochloric acid, diluted, 
filtered, and the residue washed. The tungstic acid is now^ dissolved 
in ammonia, and the solution obtained filtered, evaporated to dryness 
in a tared platinum dish, ignited and weighed. In case the tiyigstic 
acid is contaminated v\sith silica, iron, etc., a few drops of* hydrofluoric 
acid are«added and the dish again fgnited^nd weighed. The tung.stic 
acid remaining is fifted with iodium carbonate aiRl extracted with 
water, any insolublg resickic is filtered off, ignited, weighed, g.na 
deducted tom the weight of tungstic acid obtained. 

# Carbon Dioxide. — If«iequircclyithis may be determined by the loss 
of wef^t on treatment .with ac'id in*a^(Sirottcr’s or simila^apparatus. 

Siahi u, iiseftf 26, 88, 
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2. Volumetric Analysis 

Iron, — The volumetric determination of iron is based on processes 
of reduction or oxidation by means of a standard solution. Iron ores 
never yield a wholly ferrous or wholly ferric solution in the "brdinary . 
way, so that titration must be preceded by complete oxidation or 
reduction according to the method adopted. The most important 
methods are : — Oxidation with potassium permanganate or bichronSatej. 
and reduction with stannous chloride. 

I. Permanganate Method, The decoloration of potassium peirman- 
ganate by ferrous salts is a very sharp and delicate reaction ; it takes 
place according to the following equation : — 

loFeSO^ + 2KMn04 4- SH.SO^ - 5Fe,(SO,)3 + K .SO^ + 4- 8PT,0. 

Iron, in the ferrous condition, can thus be determined by adding 
permanganate, until a faint pink colour becomes permanent. One c.c. 
of an exactly decinormal solution of potassium permanganate would 
correspond to 5-584 mg. of iron; in practice, a solution containing 
about 5 g. KMnO^ per litre is made up. l^crmanganate solutions were 
formerly regarded as unstable, but it is now known that if they are 
boiled when made up, and then protected from light, they remain 
unchanged for months (</.' yol. L, p. 59). 

For the standardisation of the solution, iron wire may be used 
provided its content of iron is known exactly. Electrolytic iron also 
can now be obtained of a high degree of purity and is suitable for 
standardisation. Ferrous ammonium sulphate, which is easily obtain- 
able in a pure state is a convenient salt for the standardisation as it 
contains almost exactly onc-seventh of its weight of iron. Sodium 
oxalate is .sometimes used as it can be obtained in the pure state and 
is not hygroscopic {cf, Vol. I., p. 61). 

The determination of iron by means of pernlanganatc is bestcarried 
out in solutions containing no acid other than sulphuric. Wherever 
possible, therefore, ores for assay should be dissolved in sulphuric acid ; 
if this be not feasible, the sample is dissolved fn hydrochloric acid and 
the solution evaporated with sulphuric acid. Carbonaceous ores, bog 
ores, etc., must previously be freed from organic matter by roasting. 
A solytion of 0-5 to t-o g. of ore is prepared and the iron feduced to 
the ferrous •conditian by means of zinc ‘(free Trofh iron and carbon). 
The zinc may be wrapped round w^th platinum ; reduction is complete 
when no*coldrafion is produced wkh potassium thiocyanate. The 
solution is then made up to 100 c.c. wkh cold boiled water, and 
portions of 20 c.c. titrated? 

^inc dust, which has the advantage of aclicig almo.st instantaneously,*^ 
is sometime^ recommended a^ d deducing agani. Wh^n this^is used 
the solution must pot*&pproach neutrality, or ifon hydroxides may be 
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precipitated; on the other hand, any large excess of acid tends to 
retard the action of the zinc. It is always necessary to make a blank 
determination of iron in the zinc dust. 

According to Carnegie,^ the reduction is advantageously effected 
•by covering the bottom of a narrow beaker with zinc dust, previously 
passed through a muslin bag, and a measured volume of the iron 
solution, nearly neutralised with ammonia, added ; after vigorous stirring, 
a known volume of dilute sulphuric acid is introduced and the liquid 
again well stirred. An aliquot part of the clear solution is then with- 
drawniby means of a pipette provided with a filtering extension over 
the nozzle. C Jones ^ recommends the use of a reducing tube con- 
sisting of a glass tube tied over at the bottom with muslin and charged 
with zinc dust which has passed a 40 to 60 mm. mesh sieve. An iron 
solution is fully reduced after being poured through once or oftener,and 
is then ready for titration ; a s*pecially designed tube may be employed, 
which holds 300 g. of zinc and serves for sixty reductions ** {cf, p. 75). 

The preparation of a purely sulphuric acid solution of iron ore is 
tedious, but hydrochloric acid solutions do not always lend themselves 
to titration with permanganate, since the acid may react with production 
of free chlorine. With a small excess of free acid, a very dilute solution 
and low temperature, the titration may be carried out without this 
secondary reaction ; in any case, the formation of chlorine is easily 
detected by the smell. The danger is entirely obviated if a large 
excess of.manganous salt is added. 

A point greatly in favour of hydrochloric solutions is that they 
can be reduced with stannous chloride instead of with zinc. This 
method, as worked out by Reinhardt, is as follows : — The solution of 
iron ore in hydrochloric acid is decolorised at boiling temperature by 
stannous, chloride, and after cooling, 60 c.c. of an aqueous solution of 
mercuric chloride added to remove the excess of the reducing agent; 
the solution is diluted, and 60 cc. o? an acid solution of manganous 
Sulphate added. The titration with permanganate then proceeds 
smoothly and accurately. • Since the ferric chloride produced is apt to 
mask the end-reaction, it is well to add phosphoric acid, which yields 
colourless ferric phosphate. Reinhardt’s solutions are made up in the 
following concentrations; — Potassium permanganate 6 g., mercuric 
chloride 50 g., and 4;tar\nous chloride containing g. of ,tin, pdf* litre. 
*The mapganous sulphate solution isjmade ifp with 66-6 g. of manganous 
sulphate, 333-3 c.c, o&phosphorig j.cid (sp. gr. 1-3) and 133 c.c; of strong 
sulphuric acid in the^litre. „ • 

* * • • 

^ f* Chetn, Soc,^ l888, 53 » 468. • • ^ Chew, AVtw, 1889, 60, 93. 

* Z^nal. Chem., 1890, 29, 59 *,% Atif/’r. Ohiiu Soc., 1899, 21, 7*3. ’ , 

* S/al/ u. Eisen, 18S4, 4, 704 ; 1889, 9, 584 f filAm and Steel Inst., 1885^'., 299 ; 1889, i,, 
400 ; 1890, i., 375 - 
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Experiments made to determine the influence of copper, arsenic, 
chromium, nickel, titanium, lead, and antimony on the determination 
of iron by this method have shown that only antimony has an 
appreciable influence on the results ; as this metal is seldom found in 
iron ores, its influence is not regarded as important.^ 

2. Bichromate Method, Whereas the volumetric determination of 
iron with potassium permanganate necessitates special conditions in 
presence of hydrochloric acid, the volumetric determination of iroi> 
with potassium bichromate is free from this drawback. An external 
indicator is required in the titration, since the change from the yellow 
bichromate to the green chromic chloride solutions cannot be observed 
directly. The oxidation takes place according to the equation : — 

6FeClo 4 - K.,Cr.07 + T4HC] - 6FCCI3 + 2KCI 4 - 2CrCl3 4 - ^1-1,0. 

To carry out the determination, the ore is dissolved in hydrochloric 
acid, reduced with zinc or with stannous chloride, the excess of the 
latter removed with mercuric chloride, the solution diluted somewhat, 
rendered strongly acid with dilute sulphuric acid, and titrated in aliquot 
portions with potassium bichromate solution. A drop of the solution is 
taken out and mixed on a porcelain plate with a drop of very dilute 
potassium ferricyanidc solution from time to time during the titration ; 
a blue, and then a green, coloration is produced so long as any iron 
remains unoxidised ; after the oxidation is complete, the colour will 
remain pure yellow. The approximate quantity of bichromate required 
is first determined by a preliminary titration ; one or more further 
titrations are then made, the test for the completion of the reaction 
being made by adding the bichromate solution in quantities of o-i c.c. 
at a time. 

The standard solution is quite permanent, and is made up by 
dissolving 4-9 g. of fused potassium bichromate in a litre of water. 
One c.c. of this solution 18 = 5-584 mg. Fe. The strength of the solution 
should be checked by means of a standard iron solution. 

3. Stannous Chloride Method, For standarvJising, the iron or oxide 
of known value is dissolved in concentrated hydrochloric acid, carefully 
oxidised with potassium chlorate, the solution freed from chlorine by 
boiling, and made up to a definite volume, aliquot parts of which are 
titrated with the stannous chloride solution. To 'make up the latter, 
granulated tin is heated wi^h condfentrated hydrochloric acid ^ntil the 
evolution iDf hydrogen ceases, and thd liquid diluled with nine volumes 
of hydrochloric acid (i : 2). The strength cvf this solution can under no 
circumstances be regarded as constant, but rapid oxidatiort can be 
avoided by storing it Jn a bottle ha\iing a t»p at the bottom and con-' 
nected at the upper end with at supply of coal g^s or h^drogeif. The 

^ Cf* S/aN u, 28, 508 j y Iron and Steel (nst, 1908, iii., 673, 
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titration is carried out at boiling temperature, in presence of a consider- 
able excess of hydrochloric acid. The reaction is as follows : — 

2FcCl3 + SnCl, - SnCl, + 2FeCI.^. 

With practice it is quite easy to titrate from the yellow ferric solution 
to the colourless ferrous solution without further aids, but the reaction 
^lows down somewhat towards the end, so that time must be allowed 
for the stannous chloride to react. An alternative and safer method is 
to ad4 stannous chloride in slight excess, cool, dilute, add starch paste 
and titrate back with standard iodine solution. The latter is made up 
by dissolving about lo g. of iodine in potassium iodide solution and 
diluting to i litre, and is standardised against the solution of stannous 
chloride. 

For the actual determination, from 2-5 to 5 0 g. of the ore is 
dissolved as above, the solution made up to 100 c.c., and 20 c.c. ( = 0-5 to 
l-o g. of ore) taken for the titration. A preliminary titration is first 
made, to ascertain about how much stannous chloride is required for the 
reduction ; in the final titration the bulk of the stannous chloride solu- 
tion is added at once, and the estimation com])]etcd by the subsequent 
addition of small portions at a time. 

The titration can also be effected by using sodium molybdate as an 
external indicator ; ^ a minute excess of stannous chloride reduces the 
molybdate and gives a blue coloration. 

4. Iodine Method. — Iron when present entirely in the ferric condition 
may be determined by the addition of potassium iodide to the faintly 
acid solution and titrating the iodine liberated in the usual way with 
thiosulphate.- This method is frequently useful in determining small 
quantities of iron rapidly. 

5. Eiecfrontefric Titration . — During recent years the application of 
electrometric titration methods to routine analyses has received much 
attention. These methods are based on the application of the hydrogen 
electrode, and their value depends on the fact that if two electrodes 
of the same metal are placed in solutions containing the ion of the 
metal in different concentrations and these solutions are placed in 
electrical contact, either through a porous partition or by means of 
a siphon, or even separated by gravity alone, there will exist between 

•the two electrodes a difference of potential, the determination of which 
makes it possible tp detect quite accurately even ^ very small ionic 
concentrations. If, instead of a' hydrogen* electrode, an unattackabie 
electrod^e be used, it Is possible to determine the end point of oxidation 
and reduction reactions such as> those used in the determination of 

^ Cf. iiengclis, Bt'’-, 1901, 34, 204ti ; J. Sar. Chem. Ind., 1901, 20. 840. 

2 I. W. Wafk,/. Cheti^Soc. i% 22 , 358. 
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iron.^ Convenient forms of apparatus for carrying out electrometric 
titrations have been put on the market by the Arthur H. l*homas 
Company, Philadelphia, A. Gallenkamp and Co., Ltd., London; and 
the Central Scientific Company, Chicago. 



• Fio. 8. ^ * 

€ 

The apparajtust shown in Fig. 3 is ]:s:pown as thje Kelley apparatus,^ 
and is supplied by the fiVst mentioned pompany. This apparatus 
consists essentially of a wpoden case containing two dry cells, an 

• • * * 

^ G. S* Forbes and E.«P. Bartlett, y, Chem. •5(1^51913,35, 1527; J. C. Hpstetter 

and H. S. Roberts^ y. Amer, Chem, Soc,^ 1337 ; G. L. KelJ^ey and R.*l'. Bohn,V» Amer, 

Chem*Soc,s I9l9r4X, 1776. . ^ Incl*Bng. Chem^igiy^ 9, 780. 
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adjustf^ble resistance and a reflecting galvanometer. On the upper 
surface of the case is a ground glass scale on which the galvanometer 
readings are taken. Milled heads are provided for adjusting the zero 
point of the galvanometer and for controlling the switches for the 
•galvanometer light and motor. Attached to the same stand as the 
wooden case is an upright standard (13) arranged to carry the burettes 
(6,^), electrodes (3, 9), and the motor (10), and also a reservoir for the 
electrolyte. An adjustable support is provided for the beaker in 
which the titrations are made. Before using the apparatus, the glass 
tube df the platinum electrode (9) is filled with mercury for making 
contact. The calomel cell is also filled to a depth of about a quarter 
of an inch with mercury, allowing it to rise to the same height in the 
tube connected to the bottom of the cell. A thin layer of calomel is 
then placed over the mercury and the cell is filled with a normal 
solution of potassium chloride, which has been shaken with freshly 
precipitated calomel and the liquid allowed to settle. In using 
the instrument, the solution to be titrated is placed in the beaker 
which is then raised and locked in position so that the stirrer (2) 
is below the liquid. The switch (12) controlling the galvanometer 
light and motor is then closed and the potentiometer circuit is also 
closed by means of the switch (16), and the beam of light is brought 
on to the scale by an adjustment of the resistance. During the 
titration the beam of light is carefully watched until a large movement 
accompanied by a permanent change of potential is obtained, which 
indicates the end point. 

Two burettes arb used, one for the reducing agent such as stannous 
chloride, ferrous ammonium sulphate, etc., and the other for the 
oxidising agent such as potassium bichromate, potassium permanganate, 
etc. The end point may be obtained by simple observation, but the 
results^ of titrations may also be plotted in curves, the E.M.F. readings 
being plotted as ordinates and c.c.’s df reacting solution as abscissa:. 

The chief advantages obtained by this method of analysis are 
rapidity and the non-interference of deep colours and turbidity in the 
solutions. A keen perception of change in colour is also unnecessary 
in the use of this method. 

For the determination of iron, permanganate or bichromate solutions 
^ may be used, or to titrate ferric iron solutions, stannous phlorirfe may 
be used. ^ ^ 

Permanganate titrations atje^in themselves so cjDnvenient and the 
end-point so well marked tliat the electronfetric method of determining 
the end-pgint has little advantage. Wiili large quantities of ferric 
• iron j^resent, however, t^i appea:i;;^ru:e of the pink colour ^ frequently 
maske*d so that too^ipuch permanganate is added, an error wHich is 
avoided in the erectrom^fric ifiethod. 
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For bichromate titrations, the usual method is followed for the 
preparation of the solution in the ferrous condition, which is then 
titrated with the bichromate solution of appropriate strength. During 
the titration, slight changes of voltage will occur, and as the end-point 
is reached the light on the scale will show a growing instability, until" 
at the end-point there will be a considerable and permanent change 
indicating a considerable change in voltage. If the end-point is passed, 
the original voltage may be obtained again by the addition of a known 
volume of some standard reducing agent, such as ferrous ammonium 
sulphate, and the end-point redetermined. 

The end-point is detected more accurately by this method than 
by spotting-out with potassium ferricyanide solution. 

Stannous chloride solution may be used for the determination of 
iron in solution in the ferric condition. In this reactio^ the fall of 
potential at the end-point is clearly marked, the voltage falling to below 
zero, that is, becoming actually negative. 

The electrometric method of titration may also be used for the 
determination of the amounts of ferric and ferrous iron in one solution.^ 
The solution is first titrated with stannous chloride solution and the 
amount required to produce the marked fall of potential noted above 
will be equivalent to the amount of ferric iron present. A slight excess of 
stannous chloride is then added and the titration continued with standard 
bichromate solution. The first marked increase in voltage corresponds 
to the oxidation of the excess stannous chloride just added, and is the 
point at which the second part of the titration, that is for the determina- 
tion of the total iron present, begins. The volume of bichromate 
required to pass from this point to the second sharp increase in voltage, 
is the volume required to oxidise all the iron present from ferrous 
to ferric condition and is therefore equivalent to the total iron. By 
deducting the amount of iron in the ferric condition obtained by the 
stannous chloride titration, the *amount of iron originally present as 
ferrous iron is obtained. 

The solution must be made up so as to avoid any oxidation through 
contact with air. For this purpose the method proposed by Jahoda^ 
for dissolving standard iron wire may be adopted. The ore is placed^ 
together with a pinch of sodium bicarbonate, in the flask a (Fig. 4), 
acid poured ,in, and a cork fitted with a glass tube bent twice at right 
angles inserted. The open end o'* the latter dips into a beaker, by 
containing, a dilute solution of sodiyqi bicarbonate. When solution 
is complete and the flask is allowed to C09I, some of the bicarbonate 
sucks back, but is prevented/rom filling the flask owing to tl;e evolution 
of carbon dioxide; this is repeated as the cooling proceeds, so* that a« 

\^Q f^ Hostetter and Roberts,^. Amer. Ckem, Soc^i 1,919, 41, 1337 - 
^ a^gew» Chec^ , 1889, 2, 87. ^ 
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• solution of ore in an * atmosphere of pure carbon dioxide is finally 
obtained. The Contat-Gockel bulb (see Vol. I., p. 63) acts on the 
same principle and is much more compact. 

When iron is present in an ore in both states of oxidation, there 
♦is no difficulty in determining firstly the ferrous iron and secondly 
the ferric iron by the permanganate or bichromate titrations. This 
can.be done on one and the same portion of the sample, or on separate 
portions. 

Manganese. — The most commonly used volumetric methods for 
manganese are based on the following reaction, which was first applied 
by Guyard^: — 

3MnO^-Mn/)7 - sMnO,. 



Fio. 4. 


* Owing to its acidic nature, manganese dioxide tends to form 
compounds with manganolis oxide, such as MnO.sMnOjj; consequently 
the above reaction never quite holds good, and the value of a standard 
solution cannot be deduced from its content of permanganate, but must 
be ascertained empirically. 

According to sOme. methods, the manganese .is first separated as 
dioxide, o this reduced to a manganoui’ salt, and titrated with 
permanganate. In aethers, iroK fis removed and the filtrate titrated 
directly, either with^^or without adding an' excess and titrating back 
The following method is that of Volhard,^ modified by N. Wolff.^ 

^ NewSy 

AnnaleUf 1879, 198 , C/iem, News^ 18/9, 40,^207 ; /. /ro» and 1 880. i., 355. 

^ Siahlu. Eisetiy 1884, 4, 702; fJiroti anS Steel 1885, i., ; Siahl^. Eisen^ 1890, li, 377, 
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In this method all the manganese must be present as manganous 
chloride and all the iron as ferric chloride. The iron is precipitated 
by means of zinc oxide and the manganese titrated with standard 
permanganate without filtering, at a temperature of 8o°. A little acetic 
acid sharpens the end point. 

The permanganate solution is made up by dissolving gg, in looo c.c. 
Its value may be determined by reducing, say, 30 c.c. of the solution itself 
to manganous chloride by means of hydrochloric acid, neutralising 
with zinc oxide, and titrating at 8o^ As the result of numerous 
investigations, carried out independently and with solutions of different 
concentrations, it was found that 100 c.c. of the reduced solution require 
66 c.c. for titration, as against 66*66 c.c. calculated from the equation 
given above. When the exact permanganate content bf a solution 
has been determined by means of sodium oxalate, its ^^alue for the 
estimation of manganese is thus ascertained. WJiile this correction 
is still fairly generally accepted, investigations by De Koninck^ indicate 
that the reaction does proceed exactly in accordance with the equation 
given above; the factor 0*2952 for the conversion of the iron-value 
of the permanganate solution to the value for manganese is therefore 
applicable. 

To carry out the determination in ores and slags, which leave a 
residue free from manganese on treatment with h}Tlrochloric acid, i g. 
is weighed out for ores containing up to 20 per cent, of manganese, 
and 0*5 g. for those containing 20 to 50 per cent. The ,samplc is 
weighed into a litre conical flask, digested with 20 c.c. of hydrochloric 
acid (sp. gr. 1-19), and boiled with the addition of 3 g. of potassium 
chlorate, until all chlorine is expelled. Ores not answering to this 
description are evaporated in a covered porcelain dish with hydrochloric 
acid and a little chlorate until the separated silica has become granular, 
the residue digested with hydrochloric acid and filtered. The residue 
from the filtration is then fusednvith mixed carbonates, and the melt 
subjected to the same treatment as the original material. The com- 
bined filtrates should be evaporated to lOO* c.c. if necessary. Three 
samples should always be dissolved, and the solutions finally collected 
in litre conical flasks. 

When the substance contains little iron and much phosphorus or 
arsenfc basic slags), sufficient iron ijiiist be aided to insure the 
precipitation of all the phosphoric and arsenic acids. The iron, is added 
in the form of rpanganese-free oxid^. ,or chloride?. The solutions are 
tested for ferrous iron with potassium ferricyanide, and, if necessary, 
oxfdised with hydrogen perjoxide; they arc then boiled so as to obtain 
all the manganese in the manganous conditioi?,. The iron is precipitated,, 
with ^ pure ignited zinc oxide f;uspcndeci in water, which is added in 
^ BulLSoc, Chim^Belg.^ I904j x8 , 56 \ Chenu Lentr.^ I904> h, 1429. 
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small portions at a time, with thorough agitation, until all the iron is 
precipitated ; the end-point is indicated by the sudden coagulation of 
the ferric hydroxide. At this stage the supernatant liquid will still 
have a brownish colour, but will, as a rule, clear to a colourless solution 
bn shaking; until this condition is attained, further small quantities of 
zinc oxide are added, if required, and the liquid heated. The precipitate 
mu^ not contain much zinc, and must show the brown colour of ferric 
Itydroxidc ; a considerable excess of zinc oxide leads to low results. 
Any milkincss due to zinc oxide affects the end-reaction, and should be 
removed by the cautious addition of dilute hydrochloric acid. The 
liquid is then diluted to 400 c.c. (which is taken as the uniform volume 
for all titrations), heated to 8o‘, and standard permanganate added 
until a red coloration persists on shaking, in order to obtain an 
approximate figure for the amoiyit required. Suppose 23 c.c. is required. 
The solution from the second sample is similarly precipitated and titrated 




by adding 22 c.c, of permanganate and completing the titration with 
0*2 c.c. at a time, until a red tint is attained equal to that produced by 
O' I c.c. of permanganate in 400 c.c. of water. It is well to have a flask 
of wateuthus coloured at'hand ; the tinjts arc never quite the same, but 
c^an be equalised sufficiently for practical purposes. If, for example, 
22-6 c.c. is required to reach this end-point, the value 22-5 c.c. is used in 
calculating the result. The third quantity may be titrated as a check. 

After each addition of the standard solution, the flask is well shaken 
and fhe contents allowed to settle sufficiently to show the colour of the 
supernataryt liquid. This is facilitated by the use of the special stand 
shown in Fig. 5. 

The three separate determinations, as described above, are only 
necessary if the mai^ganese content is unknown; if' the quantity is 
known approximately, two determinations will suffice. When carried 
out a^abovo, the method is fairly rapid. 

The majority of othe2 'metals Mkely to occur in iron ores do^ not 
affect tlie accuracy of this method aj^^reciably, as they are usually 
present only in small quantities. Copper is com2:>letely precipitated as 
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hydroxide by the zinc oxide. Nickel and lead are apt to cayse high 
results when present in considerable quantity; cobalt and chromium, 
however, have this effect even when present in very small amounts. 
In order to remove cobalt, nickel, and lead, the hydrochloric acid 
solution of the ore is treated with an excess of ammonia and ammonium 
sulphide, and then rendered slightly acid with hydrochloric acid ; after 
filtering, boiling, and oxidising with potassium chlorate, the solution is 
ready for the determination of the manganese. When chromium fs 
present, it is best to precipitate all the manganese by the chlorate 
method (p. 53), dissolve the washed peroxide in hydrochloric add, boil, 
neutralise with zinc oxide, and titrate. Tungsten is oxidised to tungstic 
acid, and remains in the residue on filtration. 

Low^ dissolves 0-5 g. of ore in 10 c.c. of hydrochloric acid or aqua 
regia, evaporates nearly to dryness, add^ 75 c.c. of hot water and excess 
of zinc oxide, boils, and treats with 25 to 50 c.c. of bromine water, 
according to the proportion of manganese present. The excess of 
bromine is boiled off, the precipitate filtered, washed, returned to the 
beaker, and dissolved in 50 c.c. of dilute sulphuric acid (i :g) with the 
aid of a known volume of oxalic acid or of ferrous ammonium sulphate 
solution. After dilution the excess of the latter is titrated back with 
permanganate. ^ 

Probably the most generally useful volumetric process for deter- 
mining manganese is the bismuthate method. The ore is dissolved 
in hydrochloric acid, using a little hydrofluoric acid if iKicessary to 
ensure that no manganese remains in the in.soluble residue. The 
hydrochloric and hydrofluoric acids arc then completely removed by 
evaporating with sulphuric acid till fuming. The mass is dissolved in 
nitric acid of specific gravity i*20 and the solution, or an aliquot part 
of it, treated in the same way as described for steels (p. 56). . 

Phosphorus. — According to EmmcrtoiVs method, described fully 
by Blair,‘^ phosphorus may fie determined volumetricalhy in the 
phospho-molybdate precipitate by means of permanganate, according 
to the following reaction : — ‘ • 

+ 34KMn04 ^ 6oMoOy-f 1 7K.,0 + 34MnO. 

The strength of the permanganate, in terms of iron, is multiplied by 
o-oi^Si to, give the phosphorus, or by 0 0378 to give '"phosphoric 
anhydride. ’ • ^ * 

To caj'ry qut^he determination, tjjg yellow precipitate is thoroughly 
jwashed, the filter paper pieced, the precipitate washed off and dissolved 
indilute ammonia (1:4) in^a 1000 c.c. flask ; a large excess, of ammonia 
should bq avoided. Ten grams qf gfanulatt^ zinc and 800 c.c.*of warm 

* • • t * 

^Jg^na/. and Applud Chetrf, 1892* 6, ^63 ; 1893, 67, 162. 

^ The Chemical Amlysis of Iron, 92. 
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0 dilute sulphuric acid (i 14) are then added and the flask warmed for 
ten minutes, without boiling. A change of colour is observed as the 
molybdic acid is reduced to the oxide, the final tint being a 

dark olive green. The liquid is poured through a large pleated filter, 
the resicfue washed by decantation once with cold water, and the 
washings poured through the filter paper. The filtrate assumes a 
yellow colour, owing to the action of the air, but is not appreciably 
Oficicfised ; it is then titrated with permanganate ; shortly before 
• complete oxidation it becomes colourless, so that the change to pink 
is^ observed without difficulty. 

Phosphorus may also be determined volumetrically ^ by dissolving the 
well-washed yellow molybdate precipitate in N/io sodium hydroxide 
solution, and titrating the excess with N't 10 nitric acid, phenolphthalein 
being used as an indicator. Each c.c. of N/io sodium hydroxide is 
equivalent to 0-000129 g. phosphorus. 

, • Sulphur. — The following method, originally due to Watson^ and 

modified by Lungc,^ for the determination of sulphur in pyrites cinders 
is applicable (if. Vol. I., pp. 367-9). About 3-2 g. of substance is mixed 
with exactly 2 g. of sodium bicarbonate, the alkalinity of which has 
been determined by titration. The mixture is heated in a 20 c.c. 
nickel crucible, at first quite gently for ten ^o fifteen minutes, so that 
the tip of the flame just touches the bottom of the crucible, then to a 
full red heat for twenty minutes. The mass must not be allowed to 
fuse. To jvoid mechanical loss, the crucible is kept covered and the 
contents are not stirred during the preliminary heating, but are stirred 
frequently with a platinum or nickel rod during the ignition at the 
higher temperature. After cooling, the mass, which should be black 
and quite porous, is transferred to a porcelain dish and lixiviated with 
boiling w^ter. If, as sometimes happens, the solution filters with 
difficulty, it is advisable to add a concentrated solution of sodium 
chloride accurately neutralised with hydrochloric acid in presence of 
methyl orange, to moisten the filter paper with the same solution, and 
to agitate the liquid in tker filter during filtration. After repeating the 
extraction several times and washing with sodium chloride solution, 
the clear united filtrates are titrated back with A75 hydrochloric acid 
and ftethyl orange. ^ 

Chromium. — A solution C9ntaining all the chrqmium as sodium or 
ammoniujn chromate is prepared as iii the gravimetric method described 
' ^ on p. 12. After filteri^ig and m^ng up to 250 c.c., ati aliquot part is 
taken, a known quantity of ferrous ammoniuha sulphate added and the* 
excess. ti^rat^d with bichromate or permanganate solution (see Steel 
• Analysis, p. 72). 

^ Handy, Chem. News^ ^6^324. ^ Chem. Ind,^ . 

® if. ang€w. Chenu^ 1892,^, 447 ; /, Sqc, CHm. Ind.^ i893,««, 292. « 
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Vanadium — A small proportion of vanadium occurs in a v^ariety of ‘ 
iron ores. For its determination lo to 12 g. of the ore is dissolved in 
hydrochloric acid, any contained ferrous iron oxidised with nitric acid, 
an excess of which should be avoided, the solution filtered, and the 
filtrate treated as described on p. 77. 

3. Analysis of Flunks and Slags 

Fluxes. — These are analysed by methods similar to those described 
for the analysis of iron ores. Limestone is by far the commonest flux 
used and it is generally analysed for insoluble siliceous residue, lime, 
magnesia, phosphorus, and sulphur. When required for making 
calculations for blast furnace charges, as it is necessary to know the 
amount of silica and alumina present, the insoluble siliceoulj residue 
must be decomposed and the silica, alumina, lime, and magnesia present 
determined. 

For the analysis, i g. of the sample is dissolved in 5 c.c. of hydro- 
chloric acid diluted with 25 c.c. of water to which a little bromine 
water has been added. It is digested until all action ceases and then 
evaporated to dryness. The residue is re-treated with dilute hydro- 
chloric acid, filtered, washed with hot water, dried, ignited and weighed 
as insoluble residue. This residue is fused with sodium carbonate, the 
fused mass dissolved in hot water, acidified with hydrochloric acid and 
evaporated to dryness ; it is again evaporated to dryness with hydro- 
chloric acid, baked, and then taken up with the same acid and filtered. 
The insoluble silica is ignited and weighed as such, and the filtrate is 
added to the main filtrate obtained from the insoluble residue. 

The iron and alumina are precipitated in the filtrate by means of 
ammonia, a large excess being avoided, the lime is prcQipitated as 
oxalate by means of ammonium oxalate, and the magnesia is pre- 
cipitated in the filtrate from this by means of sodium ammonium 
phosphate {c/, Vol. I. pp. 510-13). 

To determine sulphur, 1 g. is fused with sodium carbonate and 
potassium nitrate as described for the determination of sulphur in iron 
ores (p. 19). 

For the determination of phosphorus, 20 g. is dissolved in dilute 
hydrochloric acid,, the insoluble residue is filtered off and ignited,^ a 
little hydrofluoric acid and a fewOrops of sulphuric acid are-added and 
evaporated to dryness, the mass fused with sodium carbonate, digested 
‘ with water, filtered, aciefified with hydrochloric; acid, and the solution 
added to the main filtrate. To this solution a feWvC.cT. of ferric 
chloride solution ai;e added, then ?mmonia until the solution is slightly 
alkaline to litmus, and then sfcetic acid until decidedly keid ; it is boiled 
for a few*“min,utes, filtered, and the precipitate washed with hot water. 
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‘ This precipitate is dissolved in dilute hydrochloric acid, evaporated 
to dryness, taken up with dilute nitric acid and the determination of 
phosphorus proceeded with as described on p. i6. 

Slags. — The analysis of slags does not necessitate any exceptional 
treatment. Highly ferruginous refinery slags behave like difficultly 
soluble ores. Basic slags owe their value to a high content of phos- 
pho^jus, and are often assayed for this constituent alone, the method 
given on p. 17 being carried out on small quantities of material. 

Full analyses of blast furnace slag are frequently required, and are 
carried out like any other silicate analysis, except that alkali fusion 
is often unnecessary. The slag contains a certain amount of sulphur 
as barium, calcium, and manganese sulphides, and this is determined 
by the sulphuretted hydrogen method (p. 57). 

The shortened method of analysis of blast furnace slag, described 
by Textor,^ is not quite accurate, but suffices for most purposes. Three 
* samples of the finely ground slag are weighed out: No. i, of 1*325 g., 
for the determination of lime and magnesia; No. 2, of 0*5 g., for silica 
and alumina; and No. 3, also of 0*5 g., for sulphur. No.s. i and 2 are 
each stirred up with 25 c.c. of boiling water, together with 25 c.c. and 
10 c.c. respectively of hydrochloric acid (1 : i), and boiled, with con- 
tinual agitation, until dissolved. No. 2 is o;^idised with a little nitric 
acid, evaporated to dryness, and heated to drive off hydrochloric acid. 
No. I is similarly oxidised, diluted to 300 or 350 c.c., treated with 
25 c.c. of strong ammonia (which is added very gradually, to avoid 
precipitation of magnesia), and made up to 530 c.c. Two hundred and 
fifty c.c. of the filtrate* corresponding to 0-625 g. of slag, is taken for the 
determination of magnesia, and 200 c.c., corresponding to 0-5 g., for 
that of lime. Both portions are boiled with 25 c.c. of ammonium 
oxalate solution ; the portion for the magnesia estimation is then 
cooled and made up to 300 c.c., whilst that for the determination of 
the lime is filtered, the precipitate wasfied, dissolved in sulphuric acid, 
aftd titrated with potassium permanganate. Of the diluted magnesia 
portion, 240 c.c., corresp®ifding to 0-5 g. of slag, are filtered off, and 
poured into 10 c.c. of sodium phosphate solution and 10 c.c. of strong 
ammonia contained in a beaker ; precipitation is aided by blowing air 
through the liquid for ten minutes. Meanwhile all the silica in sajpple 
No. 2 will have been*rendered insoluble. The resicUic is digested with 
15 c.c. of concentrated hydrochlo^c acief During this time the 
^ ammonium magnesiuin phosphate, precipitated as above, is filtered 
off^ washed, ignited, %nd weighed as magnesium pyrophosphate with* 
the usual* precautions. The residue from Nu. 2 is then taken up with 
•hot water, boiled, and fiUered, ah^l 4 he silica washed, ignked, and 

• • • • •• n 

^ J, Anal and Applied Chmty ijgi, 7, ^7; J. Iron and Sieel InsL^ x893>«#i, 539 * ^894, 
iL. . •• • 
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weighed. Alumina is precipitated in the filtrate with ammonia. Iron 
is usually included with the alumina, but if it is present in consider- 
able quantity, a separate sample of the slag is used and the iron 
determined volumetrically. Manganese, if present, will, for ^the most 
part, go into the magnesia precipitate ; the method is not applicable 
to the more manganifcrous kinds of slag. Finally, sulphur is deter- 
mined in sample No. 3, by suspending it in 1 50 c.c. of hot water, adding 
starch solution and 15 c.c. of standard iodine solution (i c.c. = 01 per 
cent, of sulphur), then 30 c.c. of concentrated hydrochloric acid, and 
titrating back the excess of iodine with thiosulphate solution. 

4. Dry Assays 

The dry assays at one time in use in the iron industry are far less 
accurate than the wet ones, and arc, therefore, deservedly obsolete. 
One or two dry tests, however, are still in use for iron ores. The so- 
called German assay, for instance, aims at reproducing the effects of 
blast furnace smelting. The ore is ignited, with the requisite 
admixtures, in a carbon-lined crucible, and the resulting metal is 
detached and weighed. The mixing should be exactly the same as 
for a blast furnace charge^ and be based upon a previous analysis of the 
ore. In this way the approximate yield of pig iron is ascertained and 
information is gained as to the behaviour of the ore in smelting. 
Details of the method are given in the handbooks of Balling,^ Kcrl, 
and others. A second dry test is the reducibility test, which has for 
its object the determination of the behaviour of an ore towards 
reducing agents. A method has been worked out by Wiborgh^ by 
means of which this property may be determined quantitatively. 

Ores which are reduced by carbon monoxide arc considered easily 
reducible, whilst those which are reducible only by carbon are classed 
as difficult to reduce. The degree of reducibility depends on the 
content of oxygen and on the density of the ore, and is roughly 
proportional directly to the former and inveV^ly to the latter. 


c II.— ANALYSIS OF IRON AND STEEL, 

Nearly all varieties of commercial iron and steel contain carbon, 
silicon, dnd ‘mrfnganese as normal® ^onstituenlft. They also contain* 
’ sulphur, phosphorus, copper, arsenic, and •sometimes titanium by way 
of impurities. Traces of« nitrogen, oxygen, etc., are often pfesent, but 
the;y ocefur in such .minute quaiTtitnes as 116* to influence the propertiesr 

I • * . • * 

^ C. M. Balling, Die Probierkmde^ 1^7^- * • 

Siahl ^^Eiseriy 1897*17, 804 ; Chem» 78, 4. 
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of the metal perceptibly, and are therefore seldom determined. The 
determination of chromium, tungsten, nickel, cobalt, vanadium, 
molybdenum, and titanium is frequently of importance, since these 
metals occur as essential components of certain steels and of the alloys 
employed in making them. In the examination of galvanised iron and 
tin plate, zinc and tin may have to be determined and in other cases, 
aluiflinium, boron, zirconium, tantalum, and cerium may be present. 
Under special conditions it may be necessary to extract and examine 
the occluded gases present or to determine the amount of oxide and 
slag inclusions. As a rule, the constituents of an iron or steel are 
known beforehand, so that qualitative analysis is generally superfluous. 
It may happen, however, that one or more of the rarer constituents has 
to be tested for. 

Sampling. — The taking of samples of wrought iron or of grey cast 
iron for analysis is a comparatively simple matter. The metal is best 
comminuted by drilling, planing, or turning, to the degree of fineness 
required. White cast iron and the hardest kinds of steel may be dealt 
with by means of tools made of special steels ; when, as often happens, 
such tools are not at hand, and also when sampling ferro-manganese, 
ferro-chrome, ferro-silicon, etc., pieces should be chipped off the metal 
with a large hammer and then pounded in ^ specially hardened steel 
mortar. The fragments are sifted through a sieve of ^ mm. mesh and 
the residue again pounded up ; this is repeated until the whole has 
passed thtpugh the sieve. Cast irons are never quite homogeneous, 
and the pig or casting should be sampled at several points, the outside 
portion being discarded. 

A special difficulty arises in sampling grey cast iron, from which, on 
drilling, grains of graphite are detached and tend to segregate them- 
selves from the specifically heavier iron. This may lead to errors in 
the carbjon determinations up to 0-2 per cent. One remedy consists 
in sifting loff the graphite and weighing out fine and coarse samples 
separately, in the original proportions, for each determination. It is 
difficult to obtain an absoJiftely representative sample of grey cast iron, 
but this is only a serious disadvantage in the determination of carbon. 

In taking samples of steels, it is necessary to bear in mind that the 
material is never absolutely homogeneous and that during the solidifica- 
tmn of the original* ingpts, s^regation of carbon,, phosphorus, etc., is 
most marked in the central upper portions.* In forgings, castings, etc., 
the best position fronif which to obtain drillings is, in general*, midway 
between the outside ayd the centre of the piece to be sampled, and care- 
should- be taken to discard the first drillings obtained from the 
►outside skin. •• ^ ^ 

In the sampling of^ bard tool steete, Springs, etc., it is desirable to 
anneal these first by* heating lo alright red heai#and ayovvTng to cool 
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slowly, precautions being taken to avoid oxidation. In th<^case of* 
$elf-hardening and high-speed steels, prolonged annealing is necessary { 
the samples should be packed with lime in crucibles, heated in a muffle 
furnace, and cooled down slowly over a number of hours. 

Carbon. — Carbon occurs in iron and steel in four raodIficatioiMfc 
Two of these — graphite^ which is crystalline and rarely found In , 
steels, but is a normal constituent of cast iron, and ientper-carbon, i||hich 
is amorphous and behaves like graphite, in that it is not acted upon 
by boiling hydrochloric or nitric acid — are present in mechanical 
admixture with the metal. Carbide-carbon is present in definite 
chemical combination as a carbide of iron or of one of ^ the other 
metals present; whilst the fourth modification, hardening'' carbon^ is 
present in steel as a solid solution of carbon or carbide in the 
metal. . 1 

Total Carbon. — There are numerous methods for determirting total 
carbon, but in almost all cases the carbon is ultimately weighed as 
carbon dioxide. The procedure may consist in oxidising the metal 
directly by combustion in the dry or in the wet way, or in previously 
removing the iron by solution or volatilisation and then determining 
carbon in the residue by combustion. 

I. Direct Dry Combustion Method. The oxidising medium may be 
either free oxygen alone, or free oxygen in conjunction with oxidising 
admixtures such as chlorates, chromates, or metallic oxides such as 
cupric oxide, or else inert agents such as alumina, magnesia, etc. For 
pig and cast irons, ignited manganese dioxide is a suitable admixture, 
while red lead or lead chromate is preferable for ferro-alloys. 

The metal, in the form of either small shavings or drillings, is 
placed, with or without admixtures, in a platinum, nickel, clay, or 
porcelain boat, and introduced into a heated silica or porcelain tube 
the front end of which may be charged with copper oxide. The 
tubes may be heated, either in a suitable gas muffle, preferably one 
in which the flame does not come in direct contact with the tubis. 
Of electrically. Furnaces are now available in which the heating 
units consist of opaque silica tubes wound with nichrome resistance 
wire, and packed round with insulating material. The combustion 
tubq§ are inserted into the furnace tubes and can be heated without 
risk of cracking. .Suitable apparatus for purifying and drying the 
oxygen is attached to th^ inlet Side of the tube, as shown an Fig. 
and the "other and is connected with> a series af cooling and drying- „ 
tvijbes, the apparatus for absorbing the evolved j:arbon dioxide, and a 
final guard-tube containing hygroscopic material. The usual arrange- 
meiH^t comprises first a tube conVaieing a saturated solution cA chromlG^ 
ae^'in sulphuric laoid to ^absorb aujphur dioxide, tiien two 

dryiiig-tobes, the firat^charged^with 'concentrated' sulphuric acid aa4,.^ 
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the secoiid with caiciutn chloride, followed by the ahsotptidn thbes' 
filled with 50 per cent, potash solution or with soda lime and 
ralcium chloride. A very efficient absorbent is ascarite (asbestos 
impregnated with sodium hydroxide), used in stoppered U-tubes. 
All the connections having been made secure, the combustioit' 
tube is heated to a bright red heat, the boat containing the s|^mple 
is introduced, and a current of oxygen passed througfh," ^The 
r^ulation of the temperature requires care, since a certain minimum 
temperature, 950° to 1000° C., is necessary for reasonably rapid com- 
bustion of the carbon, while over-heating leads to the formatioh''bf 
molten ferroso-ferric oxide, which may cover the particles qjlf iron, and 
thus prevent their oxidation. When the steel begins to btirn oxygen 
is rapidly absorbed, and unless a large gas-holder is provided between 
the cylinder and the furnace, careful regulation of the flow is requisite 
in order to avoid great variations of pressure. According to Schneider,^ 
the process is greatly facilitated and requires only moderate tempera- 
tures, if 3 g, of the iron is mixed with 10 g. of certain metallic powders 
three parts of lead to one of copper), or with the same quantity 
of powdered phosphor-copper. A better method of assisting oxidation 
is the addition of a known weight of a low carbon steel, the carbon in 
which has been previously determined and can be allowed for. The 
absorption tube is weighed before and after the combustion knd the 
carbon calculated from the increase in weight due to the absorption of 
carbon dioxide, ^ 

A modification of this method, which permits of very rapid working 
given suitable apparatus, is described by Cain ‘and Maxwell.® The 
weighed quantity of steel, with or without admixture, is transferred 
to a boat which has been previously heated in the combustion tube 
for a few minutes, the boat is replaced in position and the tube closed 
without delay. A rapid stream of oxygen is turned on j^nd the 
products of combustion passed for about seven minutes through baryta 
solution, contained in a special form of absorption tube. THfe 
precipitated barium carbonate is filtered and washed with the aid of 
a filter pump, dissolved in a measured excess of standard hydrochloric 
acid, and the excess titrated with alkali. 

Musatti and M. Croce® pass the products of combustion through 
a standard .solutior^ of barium hydroxide, and. determine t!ie residual 
hydroxide ijy titration with a standard solution of hydrochloric add, 
using phenolphthalein as an indicator. Twelve to fifteen minutes 
are occupied by a deterniination. 

e 

^ ZeiUy 4^^ 241 J J* If'on S($il 400* ^ 

tug. Chtm^ igSS, lo, 520 AnHyst, 1918, 43, 359! W. BrBdynAi,^ Mng.' 

* Giorm Chim» Ifd* Si *17 ; Steei Inst^ X9a3, ilf 484. 
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Siy the u$e of an absorbent consisting of a mixture of sodium 
hydroxide and asbestos, Stetser and Norton^ claim to have reduced 
the time requisite for a combustion to about six minutes. 

Direct dry combustion is a process requiring considerable ex- 
perience* but is generally applicable to all classes of iron and steel 
which can be obtained in a sufficiently fine state of division, and is 
par|icularly applicable to ferro-alloys and alloy steels which are difficult 
to decompose with acids. , 

2, Direct Wet Combustion Method, The iron is oxidised by boiling 
a mixture of chromic and sulphuric acids (v. Jiiptner* and 
Gmelin^); the evolved gases may be further oxidised by dry com- 
bustion (Sarnstrom). It is applicable to all kinds of iron and iron 



alloys except fcrro-silicon and ferro-chrome. The following standard 
procedure was worked out by Corleis.^ 

The apparatus (Fig. 7) consists of a purifying cylinder A, a boiling 
flask BT, a combustion tube C, packed with copper oxide, and three 
U-tubes. The first of these, D, is a drying tube, and is charged with 
phosphorus* pentoxide;^ the two others, and Eg, serve for the 
quantitative absorption of the carbon dioxide, and contain soda-limcj 
with a short layer of phosphorus pentoxide at the exit end. The 
serifis is terminated by a small wash-bottle F, containing sulphuric 
acid, which serves i>oth to jjrevent access of moist air to E afid to 
khow th^ rate of passage of the JS^ses through the app’aratus. The 
soda-lime tubes should have^ follow ground-in sjoppers^ for the 
phosphoric oxide, plain U;tubes, sealed off at the upper ends, ar^ 

1 Iron 1918, 102, - 4. 

® Oesier^, Ckem^ Zeity 1883, p# 493; Steel l883» 779 * 

» Oesierr^ Chem. J»i *707 Iron%nd Steel Insh^ l 88 S> i*i 
^ Stakiu* EiMn^ i|94, 14, 587* 
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preferable. In order to save phosphoric oxide, the introduction of a 
sulphuric acid absorption vessel between C and D is sometiihesi 
adopted. 

The most important part of the apparatus is the flask B, of which 
details and measurements are given in Fig. 8. A condenler a is» 
ground into the neck ^ of the flask, which is widened out at so as to 


provide a water-lute. A tube, reaching nearly to the bottom, is fi^ed 
into the side of the flask ; this is fitted with a bulb, as a safeguard 
against sucking back, and with a stoppered thistle funnel for intro- 
ducing the liquid reagents ; it must not be less than 6 mm. in bore, 

since it has a tendency to he blocked 
„ f up with solid matter. The charge of 

ji / v r - metal is introduced into the flask either 

by means .of a glass bucket e, suspended 
'■■ii'' 'IL— ' ' ^ platinum wire, or through a wide 

.n I I funnel fi. 

\ ^ A mixture of 25 c.c. of saturated 

i , chromic acid solution, 150 c.c. of copper 

Nf ^ _ sulphate solution (200 g. to the litre), 

I and 200 c.c. of concentrated sulphuric 

//\ \ I ra acid is the oxidising reagent employed. 

[ j i To carry out a determination, the liquids 

|V I j are filled into the flask in the order 

• named, shaken up, cautiously Jieated to 

I I boiling and kept in brisk ebullition for 

s— ten minutes, the (Sondenser being in 

position and supplied with running water. 


The flame is then removed, the purifying 
cylinder A connected up, and a gentle current of air sucked through 
for ten to twenty minutes. Next, the combustion and absorption 
tubes are attached and air agairf drawn through for five minutek The 
absorption tubes are then closed, disconnected, laid in the balanc6 
case for ten minutes, momentarily opened ‘asid closed again, wiped 
with wash-leather or silk, laid by for another five minutes, and weighed. 
By this time the oxidising mixture in the flask is cool. The absorption 
tubes^are replaced in position, the charge of metal let down into* the 
flask, the lu^e at c njade either with water or vjith •sulphuric acid, and 
the liquid cautiously warmefl. 


From 0-5 to 5; g. of metal is weigl»^d out, accegding to the content 
of carbon. During the oxidising process a very gentle current of ' 
air is aspirated through, the apparatus. The flame sl^puld be so 
regulated . that the contents of ihj* flask brought to boiling itk • 
from fifteen to twenty minutef./ Brisk* boiling is then* kept Op from 
one -to two*bours, acciw^ing to the, quSntitJr ^nd nature of the sample, 
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! tfc€ flaq;ie then removed, and about 2 litres of air drawn through; 
The absorption tubes are now closed, disconnected, and weighed with 
the precautions described above. 

Experiment has shown that when copper sulphate is present, the 
Amount of carbon evolved as hydrocarbons is tolerably uniform for all 
classes of metal ; it corresponds to about 2 per cent, of the total carbon. 
Conpequently, for certain classes of routine analyses, the combustion 
tube can be dispensed with and the loss of carbon allowed for. It is 
convenient in this case to weigh out 277 g. instead of 27272 g., or 
5*54 S* instead of 5*4544 g-; ^^ch o-oi g. of carbon dioxide then 
indicates a i per cent, or 0-05 per cent, respectively, of total carbon. 
When the combustion tube is absent, the U-tubes recommended by 
Corleis, which have obliquely placed tubulures, may be advantageously 
used, as the whole apparatus is, then much more compact. 



A sim*plified boiling flask is constructed by leading the supply tube 
through the condenser, which is placed outside the flask. Perhaps the 
best modification proposed is that of Wust,^ shown in Fig. 9. The 
supply tube runs through the condenser, but the condenser hangs 
inside the flask ; the ground-glass junction is worked, not upon the 
water-jacket of the condenser, but upon an outer mantle ; the height 
of the water-lute is thus increased to 3 to 4 cm. This arrangement 
has the g^at adva^jtage that the flask proper can be withdrawn down- 
wards for filling and emptying wijjj^out disturbing any of the rubber 
connections. The d^ing tube C is charged with glass beads ^moistened 
with sulphuric acid, and is so designed that«the acid can be replenished 
m ^ The positiAi of tlie drying tube in front of the combustion 
^yb^be, us here shown, is recomniendedr Ledebur found that th€ 

evolved gasesii, impart to* the acid %, degided odotlr, resembling that of 

• • 

^ 15, JtJrm and 1895^11., sfS. 
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aldehyde, from which it would appear that a part of the carbon, liberated 
as hydrocarbons, is retained. 

Details of the method, and also of the apparatus for the conduct of 
this process as carried out at the works of Messrs Cammell, Laird & Co* 
of Sheffield, have been published by Brearly and Ibbotson.^ * 

3. Preliminary Separation of Carbon^ followed by the Wet or Dty 
Combustion Method, Many reagents have been suggested for dissoljfing 
out the iron and leaving the carbon behind ; the separation, however, is 
usually incomplete, except in the methods in which copper sulphate or 
copper ammonium chloride is employed. 

The method of separation by Solution in Copper Sulphate as 
originally worked out by Sarnstrom, is generally recommended as 
accurate, as a result of the investigations of Lunge and Maifchlewski, 
Ledebur, Wiborgh, and others. Lunge ^ employs the following six 
reagents for the determination : — 

1. Copper sulphate, saturated solution. 

2. Chromic acid, 100 g. to 100 c.c. of water. 

3. Sulphuric acid, sp. gr. 1*65, saturated with chromic acid. 

4. Sulphuric acid, sp. gr. 171, saturated with chromic acid. 

5. Dilute sulphuric acid, sp. gr. mo. 

6. Hydrogen peroxide.* 


The proportions of these ingredients, and the amount of metal to be 
weighed out, are given in the following table : — 


Carbon, 
per cent. 

Weight of 
Samples. 
K*. 

Copper 
Sulphate 
Solution, 
c c. 

Chromic 

Acid 

Solution. 

O.C. 

Sulphurfc Acid, 

Spec. Grav. 

Hydrogen 

Peroxide. 

C.C. 

100 

c.c. 

1'71 

c.c. 

1-10 

c.e. 

Above 1 *5 . 

0-5 

5 

5 

135 


• 

80 

1 

1*5 to 0*8 . : 

1 

10 

.10 

130 


25 

* 2 

0-8 „ 0 5 . ; 

2 

20 

20 

130 


6 • 

2 

0*6 „ 0-25. 1 

3 

50 

45 


75 

r> 

2 • 

Below 0*25 . 

5 

60 

60 

« 

70 

• 

6 

2 


The apparatus used for the determination is the same as that 
described above. The metal is placed in the flask and dissolved iA the 
cold by meajis of cqpper sulphate, with /requ€;nt Agitation. ^ The time 
required is at least six hdurs fo^npig iron and at least on^ hour for 
refined iron, etc.* 

* ^ When the reaction is ended, the condenser is inserted, the purifying, 
combustion, and absorption tubes connected up, and the otJierTeagents 
intr<^uced in the order :~chromic ^Id, stro^ag sulphuric acid, and diluto 

^ TAe Analysis of Steel Works' kfyi^iais4gQ^ H. 

Steskiu, JSisen^ 189^ XX, 066. 



mtmumjinm of carbon 


45 


sulphuric acid* Air is then drawn through and heat gently applied^ . 
When tfie first effervescence has subsided, the contents of the flask are 
kept simmering for half an hour. The flame is then removed and 
hydrogen peroxide slowly dropped in ; the resulting evolution of oxygen 
expels afl the carbon dioxide. Finally, about a litre of air is drawn 
through the apparatus. 

Solution in Copper Potassium Chloride, Copper potassium chloride 
is an excellent solvent for iron, and was Originally proposed by 
M^Creath. The method of separating carbon by this reagent, filtering 
off, and burning in oxygen is very generally practised. Some doubts, 
however, have been thrown on its accuracy, especially as regards the 
older methods of working.^ 

The solvent is made up by dissolving 300 g. of neutral copper 
potassium chloride to the iitrg, and may be very slightly acidulated 
with hydrochloric acid ; 50 c.c. is required for 10 g. of metal. The 
* sample is placed in a suitable beaker, the requisite proportion of the 
solvent added, and the whole thoroughly agitated, first at the ordinary 
temperature and then after gentle warming to 40° to 50"* ; or, the 
solution can be effected in the cold by the use of a mechanical stirring 
apparatus. Copper is at first precipitated, but eventually goes into 
solution with the formation of an inky guproso-cupric compound ; 
the whole operation need not take more than an hour. The residue 
contains carbon, silicon, phosphorus, and sulphur, together with a 
little iron.. It is filtered upon ignited asbestos, washed with a small 
quantity of the solvent, then with boiling water, and dried in the 
steam-bath. The { 5 otassium chloride used in making the solvent 

is liable to be contaminated with small amounts of organic 
impurities, paper fibres, etc., hence it is advisable to perform a blank 
determination by treating the same volume of solvent as is used for 
the saniple in a similar manner. The combustion of the blank filter 
should not yield more than a milligranf of carbon dioxide. 

• Combustion of the Residue in Oxygen, To burn the residue in 
oxygen, the asbestos filtef containing the carbonaceous precipitate is 
placed in a boat and pushed into a heated combustion tube charged 
with copper oxide. The method used for the direct dry combustion 
of iron and steel as described on p. 38 should be followed. It is ^sual 
to insert m the train Uvo aciditional absorption tiibes, one containing 
ferrous sulphate solution and one^itontainrng silver nitrate to absorb 
traces of chlorine or ^jydrochloriaacid in the products^! combustion. 

Oxidation of the I^esiducmwith Chromic Acid, As an alternative to 
the above method the carbonaceous residue may be oxidised by chromic 
rAcid according to UIlgren»Vmetho*(i. •The residue is filtered off igto a 
tube mm. long ar|jl*is mni. wide,Vifion a pad of ignited asbestos, 
f Cf. Stahl u. £iseny i88f, 7, 13 ; 1891^11, 50. . 
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The filter is brought bodily into a conical flask, having a tubujut^ and 
% ground-in dropping funnel, but no condenser. The apparatus is then 
'^ connected up, tested to make sure that it is air-tight, a litre of purified 
air drawn through, the absorption tubes attached, and the oxidising 
solution introduced. This consists of one volume of chrolnic acid 
solution (3 : 10) to five volumes of sulphuric acid of sp. gr. 1-83, 40 c.c* 
of the mixture being added for each i-o g. of iron. The contet^s of 
the flask are heated to boiling very slowly, over a period of one to one 
and a half hours, and boiled for a short time; 3 to 4 litres of purified 

air is then drawn through and the absorp- 
tion tubes subsequently detafched and 
weighed. 

Gas-volumeiric Methods for Hte Deter- 
mination of the evolved Carbon Dioxide^ 
The carbon dioxide produced by wet 
combustion may be determined gas-volu- 
metrically instead of by absorption and 
weighing. Various methods and apparatus 
for this purpose have been described by 
Wiborgh,^ Vogel,- Lunge and Marchlewski,^ 
Reinhardt,^ Hempel,^ and others. 

The apparatus devised by Lunge (Fig. 10) 
consists of a 200 c.c. flask A having a 
dropping funnel, also of 200 c.g. capacity, 
fused into the side. Into the neck is 
ground the inner tube of a short Liebig's 
condenser d^ which, at the upper end 
communicates, through the ground -glass 
joint with the capillary tube f and the gas-volumeter BCD. 
At a and c the grinding must be so perfect that air-tight 
connections are secured by merely moistening with wateu; at ^ a 
ground-glass joint is not strictly necessary, and can be replaced by ^ 
rubber connection, provided care is taken th^t the glass surfaces are 
in contact. The metal is first treated with copper sulphate as above 
(p* 44). The apparatus is then connected up and a partial vacuum 
obtained by raising and lowering D six times ; the stopcock h is*then 
closed. Thfi proper, quantity of oxidising mixfure? made u]^ according 
the table on p. 44, is thtn run ii£i through / and a, the taft a closeo, 
and the tap h qpened so as to cornet A and^B, the levelling tube 

1 Stahl tu Eiseuy 1887, 7, 465 ; /. See, Chem, Ind.^ 1887, 6, 748 ; 1890, 9^76E« • 

2 Stahl H , Eisen, 1891, II, 486. • • • 

E. dngtm» Chem.t 1891, 4, 412 ; Iron%nd S^eel 1894, ii., 484. . 

* Slahlu, Eisen^ 1892, 12. 648 ; J^lAn and Steel InsU^ i89j, ii., 511 ;* 1893, i., 403* 

‘ » TUd.^ l 89 S>>t 503- 
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> lowered, and the process Of wet combustion carried out as previously ^ 
describes. Owing to the action of the condenser, no actual moistur^f ^ 
gets into B, but the entering gases are saturated with aqueous vapour. 
After boiling, hydrogen peroxide is introduced into A p. 45), and 
remaining air displaced by pouring in hot water until the capillary 
is full of liquid up to the stopcock A, which is then closed. The volume 
of a|f and carbon dioxide in B is measured, transferred once or twice 
into theOrsat pipette E, which is charged with, concentrated potassium 
hydroxide solution, and the residual gas measured. Should the original 
volume of the gases* be less than 140 c.c., purified air must be drawn 
in through u and m up to this volume, in order that readings may be 
obtained on the stem of the gas-burette. The use of the reduction 
tube C is explained fully in Vol. L, pp. 83 e/ seq, ' 

Each cubic centimetre of carbon dioxide at 0° and 760 mm. corre- 
sponds to 0*539 mg. of carbon. 

’ 4. Prelmtinary Separation of Carbon by Volatilisation of the Iron 

and Combustion of the Residue, For this purpose the metal is 
heated either in a current of chlorine (Wohler)^ or of hydrochloric 
acid gas (Deville). 

The apparatus required consists of a 1500 c.c. flask for generating 
the chlorine, or preferably a cylinder of corppressed chlorine; a wash- 
bottle containing water; a second wash-bottle containing concentrated 
sulphuric acid; a U-tube charged with vitreous phosphoric oxide; a 
combustiog furnace with a tube at least 16 mm. wide bent at right angles 
at the further end where it dips into a beaker of sulphuric acid. 

The chlorine is generated from 280 g. of salt, 190 g. of pyrolusite, 
and 350 c.c. of dilute sulphuric acid (i : 2), From 0*5 to i-o g. of metal 
is spread out as thinly as possible in a porcelain boat and introduced 
into the cjmbustion tube. Chlorine is then passed through until the 
air is displaced, when the furnace is gradually heated up, finally to 
redness. • A certain amount of chrdhiic and manganous chlorides 
irflways remains in the boat.^ The contents of the boat are washed 
into a beaker of cold wattr* filtered through asbestos, and oxidised either 
in the dry or wet way, as described above. 

Neumann® has described a method for the combustion of the 
resicfue in a specially constructed platinum crucible, ^ 

^ Graphfte and Temper-Carbon. — These forms, of carbon are both 
characterised by being resistant to«tids,an 3 there is no known method"' 
^ of determining them leparately. ••Temper-carbon is comparatively rare, 
and occurs chiefly in^anneaJed white iron or malleable iron castings: 

♦ 

• 

^ Chm, AVwj, i867?^6» 67^ 

® qpm. Zeit,^ 1S90, 14, 1^7 

® Siaklu^ Misen^ 190?, 128 ; Cf* also Mars, ibi^^ 1909, 11 S 5 * 
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The method of determination described by Ledebur ^ is as follows : — ^ 

One gram of highly graphitic iron, 2 to 3 g. of light grey pig or 
annealed white pig iron is taken for the determination. The metal is 
dissolved in a suitable beaker with 25 c.c. of nitric acid of sp. gr, 1*2 for 
each gram of substance. During the first violent action the Weaker is 
cooled in water. It is then digested on the sand-bath for two hours, just 
short of boiling, with frequent agitation. The liquid is diluted, filj^ered 
through ignited asbestos, and the black residue washed with cold water 
till free from iron ; the filter and its contents are then either oxidised 
by chromic acid or dried and heated in a current of oxygen, and the 
carbon weighed as carbon dioxide. i' 

Combined Carbon. — Carbide-carbon can be determined separately, 
whereas hardening-carbon can be obtained only by differejnce. The 
following colorimetric method of Eggptz indicates, strictly speaking, 
carbide-carbon only, and should be used for the determination of 
carbon only when the previous history (source and thermal treatment)* 
of the samples is known and when it has been possible to secure 
standard samples prepared under the same conditions, in which the 
carbon has been determined accurately by combustion. 

The method is applicable to all kinds of unhardened plain carbon 
steels, but not to nickel^ or chrome steels, because the greenish or 
yellowish tints of the solution interfere. It is based on the fact that 
when iron is dissolved in nitric acid, the combined carbon also goes 
into solution, with the result that the liquid is coloured njore or less 
deeply brown. Ferric chloride, if present, affects the colour; the nitric 
acid used must therefore be free from chlorine.* Dilution to at least 
8 c.c. for each o-i g. of the sample eliminates the influence of the colour 
of the ferric nitrate. Phosphorus, sulphur, and silicon have no effect 
upon the accuracy of the determination. Tungsten is converted into the 
insoluble oxide and is filtered off, together with any graphitic carbon ; 
the weak colours of manganese^and vanadium disappear on difution. 

To carry out the determination, the solution of the metal under 
examination is diluted until it shows the ,same tint as a similarly 
prepared solution of a standard metal, in which the carbon has been 
accurately determined. 

The procedure laid down by Eggertz^ is as follows:— o*i of a 
standard steel and the same quantity oi^ the ipetal under Analysis are 
placed in se'parate test tubfes, 1 5 ng^jp. wide and 12 cm. long, apd treated 
with sm^ll quantities of nitric acid q/*,sp. gr. i-2 go long as there is any 
, effervescence. The balafice of acid is fhen added in the following 
proportions: for 0-25 pej cent, of carbon, 2-5 c.c. ; for p‘3*per cent^ 
3 C.C ; fqr 0-5 per cent, 3 5 c.c. > and for per cent, 4 c.c. * A siightt 

" * • * * * * 

^ /. Iron and Steel InsLy 18^, I, 36^ ; 54 ; 1899, i., 368. 

A^)Wj^|88x, 44, I73« « 
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• excess of add is harmless, but a deficiency should be avoided. When " 
the carbdn content is unknown, 2*5 c.c. of acid is taken to begin with, 
and more is added in accordance with the colour and the amount of 
carbonaceous precipitate produced. The test tubes are placed through 
a perforated lid, in a water-bath, which is kept at the boiling point 
After three-quarters of an hour all the carbon is obtained in solution 

* and no more gas is evolved. Sometimes a red deposit, resembling a 
sublfmate, of basic ferric nitrate forms on the si/des of the vessel ; this is 
loosened by shaking up, and filtered off if necessary; or the older 
method of digesting for one and a half to two hours at 80°, when the 
deposit is not formed may be employed. Spiiller ^ hastens solution by 
placing the tubes in a paraffin bath heated to 135®, when five minutes 
suffices. Auchy ^ weighs out i-o g. of metal, in order to secure a fairer 
sample, and, after dissolving in ^20 c.c. of acid, makes up to 25 c.c, and 
uses 5 c.c. of the solution. Whatever procedure is adopted, standard 

•conditions must always be observed. 

The test tubes, after heating, arc removed from the water-bath and 
allowed to cool, being protected from light, which has a marked 
bleaching action on the colour. The contents are then transferred to 
colorimeter tubes of 30 c.c. capacity, graduated in twentieths of a c.c. 
The standard solution is so diluted with v^ater that each c.c. corre- 
sponds to a convenient carbon percentage, say 0*02 to o*i. Then water 
is added to the solution of the sample until both solutions show the 
same tint, ^care being taken to secure thorough mixing. From the 
volume now obtained the carbon contents of the sample under 
examination may be* calculated. Some workers prefer to make the 
colorimetric comparison under exclusion of laterally impinging light. 
For this purpose the graduated tubes are placed in a blackened box of 
pyramidal^ shape, 26 mm. broad at the illuminated end and 12 cm, 
broad at the observing end, with two perforations in the upper side to 
receive th^ tubes (^/, Vol. I., pp. 179 e/ sBq,), 

• Chilled steel cannot be analysed directly by Eggertz’s method ; by 
heating the sample to a tqpperature slightly above the critical tempera- 
ture, followed by slow cooling, the hardening-carbon is converted into 
carbide-carbon, and the method can then be employed. 

lit Britton^s modification ^ of Eggertz^s method fifteen normal 
solutions, ripresentiwg c^irbon contents of from o-02^to 0*3 ppr cent, are 
prepared;^ the test solution is mgde up ?o a definite volume and 
compared with the nearest of permanent staiyiar-ds, 4)repared 
, from metallic salts. These permanent standards are now practically# 
never used, the usuaf practice being to prepare a standard from*a 
• • • « 

, ^ SfaAlu, Eisen^ 1S99, 19, 82^ > J* SUel ^899, ii., 482, 

^ J. A met. 1993, 2^ 999. 

^ Chim^ News, 18^2. 20. 
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ktiown carbon steel of approximately the same carbon content (on* 
use with each batch of tests. 

In the colorimetric method proposed by Stead, ^ the comf»arison is 
made on the filtrates obtained after precipitating the iron as hydroxide. 
One gram each of the standard and of the test metal are dLsolved ip 
nitric acid of sp. gr. i-2 at 90° to 100°; 30 c.c. of hot water and 13 c.c, 
of sodium hydroxide solution of sp. gr. 1*27 are added, the liquids ' 
thoroughly shaken, made up to 60 c.c., allowed to settle for ten 
minutes, and filtered. A 50 mm. column of the standard solution is 
then poured into one graduated tube and the height of the test solution 
in a similar tube adjusted so that the tints appear equally intense 
when the tubes are illuminated from below. The percentages ;of carbon 
are then inversely proportional to the lengths of the columns bf liquid. 

In J. H. Whiteley*s ^ modification of the Eggertz test, sulph\uric acid 
is added to the solutions, and the differences in colour of the ^lutions 
given by different steels thus reduced. The samples are dissolved in* 
the cold in 10 c.c. of nitric acid (sp. gr. 1-2) boiled for ten minutes and 
cooled; 15 c.c, of sulphuric acid (i :3) is then added to each and the 
colours obtained compared as usual 

Silicon. — I. Evaporation Method, The quantity weighed out for 
analysis should be varied according to the probable content of silicon — 
e.g,^ I g. of grey pig or cast iron ; from 2 to 3 g. of white pig ; and from 
3 to S g. of malleable iron or steel. The metal is dissolved in nitric acid, 
evaporated to dryness, baked, taken up with hydrochloric acid, and the 
solution diluted and filtered. The residue is fused with fusion mixture, 
and the melt evaporated to dryness with excess of hydrochloric acid. 
On extracting with water, filtering, and igniting, the silica is obtained 
sufficiently pure, and is then weighed. 

This two-fold evaporation is somewhat tedious, and is adopted in 
order that the silica may ultimately be free from iron. Though trouble- 
some, the method gives accurate results. 

When the siliceous residue obtained in the first operation is not ve^y 
highly ferruginous, the further purification may be avoided as follows: — > 
The impure silica is ignited and weighed ; it is then evaporated 
with hydrofluoric acid and a few drops of sulphuric acid, ignited, and 
weighed again; the difference between the two weighings represents ^ 
the silica. If the residue is considerable, it is advisable to treat it with 
ammonium ‘carbonate so as to sure that all sulphui;ic acid Is 

completely vola^Hsed. ^ , 

. 2. Blum's Method? The metal is di^olved in hydrochloric acid° 

containing bromine, and ;5vaporated to dryness, after addition of twice 

I <■ 

‘ ^ /. Iron and Steel InsU^ l883®i.,«n3 \^Cheni,fIews, 1883, 47, 28$. 

® Iron and Steel Carifepie Schott Memoirs^ ia\7i 8l. * 

® Stahl £lse^^iS 8 $f 5, $ 94 ; Che/^» tVen/Sf ^886, 53, 300. 
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Weight of ammonium chloride, whereby the drying is facilitated. 
The residue, after lixiviation, is washed on the filter alternately witih 
cold water and with hot 50 per cent hydrochloric acid. The silica thus 
obtained is of a pure white colour, and leaves no residue on treatment 
with hydrofluoric acid. 

3. Drown^s Method} The metal is dissolved in nitric acid of 
sp. gr, 1*2. When all action has ceased, about 25 to 30 c.c. of 
dilute sulphuric acid (i : 3), or 35 to 40 c.c. of 1:4 acid (Ledebur), 
is added and evaporated on a sand-bath or hot-plate until all the 
nitric acid is expelled and copious white fumes of sulphur trioxide 
are evolved. The cooled residue is lixiviated with 100 c.c. of water, 
warmed till the ferric sulphate has gone into solution, and filtered. 
The mixture of carbon and silica on the filter is thoroughly washed 
with cold water, then with four successive portions of hot hydrochloric 
acid (sp. gr. 1*12), and finally with hot water. After ignition the silica 
•should be pure white in colour ; ignition for two to three hours at a full red 
heat may be necessary with cast iron, etc., if much graphite is present. 

A modification suggested by Strick‘^ consists in evaporating down 
the metal with dilute sulphuric acid alone, in a beaker; when a cold 
clock-glass laid on the beaker shows that no more water vapour is 
being evolved, the residue is cooled, lixiviatecj, and treated as above. 

Ferro-silicon is sometimes resistant both to nitric acid and to 
hydrochloric acid containing bromine. It is then necessary to mix o»2 
to 0*3 g. wijh fifteen times its weight of sodium carbonate and sodium 
peroxide mixture (i : 2) in a nickel crucible and very gradually heat to 
fusion, when the alll)y is readily decomposed. The melt is then 
extracted and evaporated with hydrochloric acid. With high silicon 
alloys great care is necessary to avoid loss during the fusion, as the 
reaction with sodium peroxide is very violent. If the sample is 
thorougWy ground to the finest possible state of subdivision it may 
be completely decomposed by first farming with strong aqueous 
CefUstic soda in a nickel or silver basin, then evaporating slowly to 
dryness, and finally fusipg the residue with the addition of only a 
small quantity of sodium peroxide. 

Brearley and Ibbotson^ give the following method for the deter- 
"minafion of silicon in ferro-silicon, which gives excellent results. Two 
j^ams of thfc finely gtouqd sarr^ple is dissolved in So^c.c. of concentrated 
hydrochloric acid, to which is addg^ 10 to^20 c.c. of nitric acid, the 
^solution boiled for noj less than^i^fteen minutes, mad^ up with water 
to 200 C.C. and filtered withoi^ delay. The residue is washed with cold • 
dilute hydrochloric acid, ignited strongly foj; at least thirty minutds, 

* Chem, Nms^ 1 880,^42, 299 ; l8t4, 

® Dingl. pofyj*^ *52^354 ; and Steel Inst^ 1887, i., 465, 

* Thi Analysis oj^Steel Work? Mat^ial^ p. 117. - - 
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and then allowed to cool in .the desiccator and weighed quickly. If« 
this method is accurately followed, an addition of oa per cent as a 
correction for the soluble silica will give results more nearly approxi- 
mating the actual silicon content than more elaborate methods, ^ . 

It is to be noted that all these methods make no distinction between 
silicon combined with iron and silica present in the form of enclosed 
slag. The point is of little technical importance, but in scientific^ 
investigations the determination of silicon proper may be required. 
This is done, according to Turner,^ by igniting in a current of chlorine, * 
collecting the vaporised ferric chloride and silicon tetrachloride in 
water, evaporating the solution, taking up with acid, filtering off the 
silica, and igniting and weighing as usual. Any enclosed slag or 
cinder is thus left behind in the boat, and may be collected, Examined, 
and weighed. 

Manganese. — All the methods described for determin^g man- 
ganese in iron ores are applicable to iron and steel (c/. pp. 7 aind 29) ;• 
several of them were originally worked out for iron and subsequently 
modified for the analysis of ores. Several methods, however, chiefly 
volumetric, are better adapted for the determination of manganese in 
metal than in ores. 

Cast iron and ordinary steels usually contain less than i-o per cent, 
of manganese ; spiegel about 20 per cent., and ferro-manganese about 
80 per cent As a rule, i g. is a sufficient quantity to weigh out for 
analysis ; in the case of highly manganiferous irons, 0-5 g., or even less, 
is enough. Malleable iron is generally so low in manganese that from 
2 to 3 g. may be required. « 

Hydrochloric acid is used for dissolving the metal; if there is a 
considerable residue, as in the treatment of grey pig, it may be 
rendered soluble by fusion with alkali. Whenever manganese is 
determined gravimetrically, the silica must be rendered insoluble by 
evaporation to dryness, and may be filtered off or not, as occasion 
demands. « 

The following are among the mor^ important volumetric 
methods : — 

I, TAe Volhard- Wolff Permanganate Method {cf. p. 29). The 
sample is weighed into a covered porcelain dish or into a conical flask 
about 75 pfim. wi4e at the base, disso^yed in iS^c.c. of ititric acid of 
sp. gn I *2,* and evaporatftd to (iiyness. The mass is tak^ up with 
20 C.C. pf hydijDchloric acid, boilc^^ with 3 g.^ of potassium chlorate * 
until free from chlorine, tliluted, filtered jnto a litre conical flask, anrf' 
the residue washed witj;i water containing hydrochloric acid. The 
liquid is. then treated with zinc gxide and Ijje determination eomplet;^^ 
aa^described on p.^30. 

1 Chem, 49» *33* 



MANOANESE 


* Wheii there are many determinations to be carried out, time 
is saved by using the modified method proposed by v. Reis.^ 
One gram of iron is dissolved in 25 c.c. of a mixture consisting of 
27s volumes of water, 125 of nitric acid (sp. gr. 1-4) and 100 of concen- 
trated sulphuric acid. The solution is boiled over a free flame until 
^ fumes of sulphuric acid appear, allowed to cool, diluted with 100 c.c. of 
watev and 10 c.c. of the acid mixture, warmed to dissolve the salts, and 
transferred to a litre conical flask. The carbbn is then oxidised by 
adding 3 g. of barium peroxide and 5 c.c. of concentrated nitric acid, 
and the excess of peroxide destroyed by boiling. The liquid is diluted 
with 300 to 400 c.c. of hot water, treated with zinc oxide, and titrated 
with permanganate; v. Reis prefers to add excess of permanganate 
and titrate back with a solution of manganous sulphate equivalent to 
the standard permanganate. 

2. Tke Hatnpe and Ukena Chlorate Method? This method takes 
’advantage of the fact that manganese peroxide is precipitated from 
manganese salts on boiling with nitric acid and potassium chlorate. 
The precipitate is never free from iron, and cannot, therefore, be 
weighed for a gravimetric determination. Iron does not interfere 
in the volumetric method, but cobalt, lead, and bismuth, if present, are 
partially precipitated and affect the results*; the precipitate is then 
dissolved by means of nitric and oxalic acids and reprecipitated with 
chlorate. Copper, nickel, tin, and phosphorus have no injurious effect. 
The main requirements are: — i. That the solution be very concen- 
trated ; 2, that sulphuric acid, if present in more than moderate quantity, 
be removed by adding barium nitrate; and 3, that hydrochloric acid 
be absent. 

For the determination, the metal is dissolved in 70 c.c. of nitric acid 
of sp. gr. Lr2, in a 500 c.c. flask, the hot, clear solution allowed to cool, 
II g. of potassium chlorate crystals added through a wide-neck funnel, 
and the liquid gently boiled for from* twenty- five to forty minutes 
down to a volume of 30 to 40 c.c. In the analysis of ferro-manganese 
the concentration must be "carried to the furthest possible limit. By 
this time all chlorine should have been boiled away ; this is essential 
for the success of the precipitation. If the liquid is boiled too violently, 
the precipitate is apt to become slimy and difficultly soluble. * 

. Grey pig iron il treated •with 50 c.c. of acii in a beaker and 
evaporated to half the volume. Tfc* liquid is cautiously diluted with 
Jiot water without disturbing the sediment, filtered into 'a flask, 
evaporated, and treated with chlorate as above. , 

The cdncentrated liquid is next very carefully diluted with water 
%»d cooled. The supernatont liquifl is first filtered through a cjjwe 

• o * ^ ^ 

^ 4?* angew* ; /• obc, Chm* Ind^^ 1893, Z2, 378. 

^ Chenu 1885,^, 1083 ; J. Iron ii.i 6fa. 
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asbestos filter,, and, when all the liquid has passed throygh, the ^ 
precipitate is collected ; washing is continued until the filtrate no 
longer reacts with starch and potassium iodide. The filtrate is tested 
for manganese by boiling with chlorate, when there should be no 
further precipitation; or, preferably, a portion is boiled with nitrtfc 
acid and lead or bismuth peroxide and filtered through asbestos, « 
when the presence of manganese is indicated by the formation of 
permanganic acid. 

Ten c.c. of standard ferrous ammonium sulphate solution is then 
run into the flask from a burette, whereby any adherent manganese 
peroxide is dissolved. The filter is transferred to the flask with a 
little water and disintegrated by shaking and stirring. \A further 
quantity of standard solution is run into the flask, so that all the 
manganese is dissolved, the total volume read off, dilute sulphuric 
acid (i ; 3) added to the solution, and the excess of ferrous ammonium 
sulphate titrated back with standard permanganate. 

The permanganate solution must be standardised under the condi- 
tions of the assay. For this purpose o*i g. of chemically pure potassium 
permanganate is dissolved in 60 c.c. of nitric acid of sp. gr. i >2 with 
the aid of a few crystals of oxalic acid, and precipitated as above. 
The strength of the standards should be such that i c.c corresponds 
to from I to 5 mg. of manganese. Oxalic acid may be used as the 
reducing solution in place of ferrous ammonium sulphate. 

3. G. V. Knorre's Persulphate Method} On boiling tmanganese 
sulphate in acid solution with ammonium persulphate, the manganese 
is precipitated as hydrated peroxide, since manganese persulphate is 
stable only in the cold. The reaction is as follows : — 

MnSAs+sH.O = MnOa . H/) + 2 H.,S 04 . 

• 

The precipitate is too impure to be weighed, and must be determined 
volumetrically by means of standard ferrous ammoniurh sulphate 
and potassium permanganate solutions. These solutions should 'be 
standardised from mixtures of manganese' and iron salts containing 
these metals in approximately the same proportions as in the test. 

To carry out the determination, the metal is dissolved in a beajcer in 
SO <0 60 C.C. of warm dilute sulphuric acid (i : lo^ and filtered into a 
500 C.C. copical flask, ^ighly silice(Jus ferro-manganese leaves ,a 
manganiferous residue, which is Operated in a platinum crficible with 
sulphuric and hydrofluoric acids, dissolved in a ♦’ittle water, and added. 
*tq the original solution. Ammonium persulphate solution (6o g. per 
litre) is then added to ‘the liquid^ in tl^e proportion of i^o c.c. or 
StStJ c.c.,*according as less or mdrei thap i ^.®of metal was weigiied ofltf 
apd the volume diluted to from *^50 1(^ 300. c^c. • After boiling for fifteen 
> Z . 14, 1149 ; 190*, s6, 905, 



MANGANESE 


m 


^ mJntites^the liquid is allowed to settle, and filtered, with the usual 
precautions, upon a dense filter of 8 cm. diameter, or on a double 
filter. The precipitate is then treated as described under method No. 2. 

Liidert^ dissolves from 2 to 4 g. of the sample in from 25 to 50 c.c. 
6f nitric acid of sp. gr. i-2. The solution is heated to boiling and 
^ diluted with 400 c.c. of water without filtering ; 40 c.c. of sulphuric acid 
and«50c.c. of ammonium persulphate are thqn added. After boiling 
for half an hour to decompose the manganese persulphate and the 
excess of ammonium persulphate, the solution is cooled by placing 
the flask in cold water, and 5 c.c. of a standardised solution of hydrogen 
peroxide added. When the whole of the manganese peroxide has 
gone into solution, the excess of hydrogen peroxide is titrated back 
with permanganate. It is necessary to standardise the hydrogen 
peroxide solution with the permanganate each day on account of its 
^ instability. 

In presence of tungsten the method is modified as follows^: — From 
2 to 10 g, of tungsten steel is dissolved in dilute sulphuric acid in 
absence of air, the solution gradually heated to boiling, and boiled for 
a few minutes. After cooling, the residue containing the tungsten is 
filtered off as rapidly as possible, as it oxidises fairly readily in the air and 
would then go into solution, washed two or three times with water, and 
the manganese determined in the filtrate as described. The precipitate 
of hydrated manganese peroxide must be dissolved by ferrous sulphate, 
not by hyckogen peroxide ; the latter acts upon any traces of tungsten 
that may be present in the solution, and thus leads to high results for 
the manganese. 

4. Persulphate Oxidation Method. A method much in vogue in 
steel works* laboratories in which a large number of manganese deter- 
minations. in plain carbon steels has to be made daily, consists in 
dissolving 0-2 g. of the sample in 10 c.c. of nitric acid of sp. gr. i-2 in 
a boiling-tube. Several of the tubes 2 re then placed in boiling water 
until solution is complete and all nitrous oxide fumes expelled. Fifteen 
c.c. of silver nitrate sol«tlon (1-33 g. per litre) is then added to the 
contents of each tube, together with i g. of slightly moist ammonium 
persulphate crystals. The tubes are replaced in the water-bath, which 
is kept boj^ling until the manganese is oxidised to permanganate and 
the action of the persulphate m no longer ap^arenW A smajl additional 
quantity persulphate is added t»®the contents of each fube, and the 
tubes are then cooleiJ in water.# •The’ permanganate^ formed is deter- 
mined colorimetrically (p. 57) or by titrafion with sodium arsenite 
solution^ Vhkh is run in from a graduated burette, the solution befng 
' tfltrated in a porcelain dish ; the r^ct?ion is completed when the colour 

• V • ^ t 

17, 42a, 

® G,. ^ Knorre, StaA/ 1907, 2^ 580. 
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of the permanganate is discharged and a pale greenish qploration 
formed. The arsenite solution is made up from a stock solution 
containing 5 g. of arsenious acid and 15 g. of sodium bicarbonate per 
litre; 80 c.c. of this solution is diluted to 1000 c.c. for the titration. 
The value of the arsenite solution is obtained by titrating a solutioh 
of 0*2 g, of steel of known manganese content (Lambert).^ 

5. Bismuthate Method. This method of determining manganase Is 
now largely used in technical laboratories for all classes of pig iron 
and cast iron, and also for steels containing more than o-8 per cent. * 
of manganese, and not more than 1-5 per cent, chromium. One gram 
of steel, or o*5 g. if the amount of manganese present is over i per 
cent., is dissolved in nitric acid of sp. gr. i*2. The nitipus fumes 
are boiled off and small quantities of sodium bismuthate arc added 
until a permanent permanganate colour results which persists on 
boiling for a few minutes; this renders certain the oxidation of the^ 
carbon. A few drops of sulphurous acid solution are now added and ' 
the solution is boiled until clear and free from fumes. The solution is 
diluted to not more than twice its original volume, cooled to room 
temperature, and then half a gram of sodium bismuthate is added and 
the solution well shaken. The excess of bismuthate is filtered off 
through asbestos which ^as been previously ignited and is washed 
with 5 per cent, nitric acid. To the permanganate solution thus 
obtained a known volume of standard ferrous ammonium sulphate is 
added until the pink colour has disappeared and the excess of ferrous 
iron is titrated with standard permanganate. The solution may also 
be titrated with a standard solution of sodium arsenite as described 
in method No. 4. When more than a trace of chromium is present 
filtration should not be delayed after addition of the sodium bismuthate. 

6. Oxidation by Peroxides. Schneider ^ oxidises the manganese to 
permanganic acid and titrates back with hydrogen peroxide. The 
decomposition takes place in accordance with the equation 

KjMnPs + 5H2O2 = 2MnO + 2K0H,+ 4H2O + sOj. 

Two grams of steel or pig iron is dissolved in 200 c.c. of nitric 
acid of sp. gr. 1-2 and heated to boiling with a considerable excess of 
lead^peroxide or bismuth oxide. The liquid is immediately cooled down, 
filtered through asbestos, ^nd titrated with hydrogen peroxide diluted 
with two or three volumes of wdttr, the strength of which «has been 
determined by means of standard ^srmanganatc. Lead peroxide is ». 
apt to be manganiferous, and must be tested by decomposing a sample 
with hot sulphuric acid, cooling, diluting, ^and warming "witl\ a fresh 

» also P. Smith, C^m. News, I 9 » 4 <» 90 r *37 !* Rubricius, Siahlu. Risen, 190*, ic • * 

*919.30,957. , . , • • ^ . vvj, > 90, 

» 2fiJ,«224 ; /. Ir^and Steel Inst., 1898, ii., 512. 
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portion pf the peroxide; manganese, if present, will then produce a 
more or less pink solution. Steels containing chromium cannot be 
examined by this method. 

7. Colorimetric Method. When a permanganic solution has been 
prepared* as described under method No. 4, the manganese can be 
determined by comparing the tint with a solution obtained from a 
standard steel of known manganese content. ^ To carry out the deter- 
mination, 0*2 g. of metal is dissolved in 10 c.c. of nitric acid of sp. gr. 1*2 
in a boiling tube placed in a water-bath, and boiled to expel nitrous fumes. 
Silver nitrate and ammonium persulphate are added as described on p. 55. 
After cooling, the standard solution is diluted to a definite volume 
somewhat lighter in tint than the test solutions, which are compared 
with it, diluted to match, and measured in the usual way. 

Sulphur. — The methods for the determination of sulphur fall into 
three classes : — 

1. Evolution of the sulphur as sulphuretted hydrogen and determina- 
tion via metallic sulphides. 

2. Evolution of the sulphur as sulphuretted hydrogen and conversion 
into barium sulphate. 

3. Direct precipitation as barium sulphate. 

I, Evolution of the Sulphur as SnlpJmrcttcd Hydrogen and Determina-- 
tion via Metallic Sulphides. In these methods the sulphuretted hydrogen 
is absorbed without oxidation; the sulphides thus formed are deter- 
mined either gravimetrically, volumetrically, or colorimetrically. The 
last method gives only approximate results, but the two former are 
very accurate. 

Gravimetric Method. Silver, lead, copper, and cadmium salts have 
been proposed for the gravimetric absorption of sulphuretted hydrogen 
Silver and copper salts, however, have been shown by Schulte^ to be 
unsuitable, since gases other than sulphuretted hydrogen are evolved, 
which yield metallic silver with silver acetate and a yellow precipitate, 
C(?ntaining phosphorus with copper acetate. Schulte found cadmium 
acetate, first proposed by *Wiborgh, to be the best absorbent. The 
precipitated sulphide may be weighed as such on a tared filter or con- 
verted into copper sulphide and ultimately weighed as cupric oxide. 
The absorbent is made by dissolving 25 g. of cadmium acetate in a 
njixture of 250 c.c. of acetic acid and 250 ^.c. o^vater on the water- 
bath, diluting to a litre, and filt«rfhg; or an ammoniacal solution 
^containing 25 g. of cadmium acetafb, and loojc.c. ammiwiiifm hydroxide 
per litre may be used. The solution for converting the cadmiuju* 
sulphide /into copper sulphide is made by dissolving 126 g. of 
^fciystalljsed copper sulphefte in ^®o*c.c. of water and 120 cXn^ of 
concentrated siilphuric«»acid and dilutiJPjg to one litre. 

' S/ai/i 1896, l6, 867 ,** Cjiem. News, 75, 4^ 
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The apparatus for carrying out the determination is veiy simple, 
consisting of a flask fitted with a thistle funnel and delivery tube 
leading into a U-tube or beaker containing the cadmium solution. 
The use of the carbon dioxide generator and combustioij furnace 
formerly employed is superfluous. 

To carry out the determination, S to lO g. of the sample is placed « 
in a 500 C.C. round bottomed flask, and 30 to 35 c.c. of the cadiSium 
acetate solution in the receiver. Fifty c.c. of hydrochloric acid (2 : i) is 
then run in from a thistle funnel, 25 c.c. being first added, and the 
remaining 25 c.c. after a short interval if the action is not boo violent ; 
a further 50 c.c. is subsequently added, similarly, making, a total of 
too c.c. of acid. The decomposition is regulated so that three to four 
bubbles of gas are evolved per second ; this is readily effected by 
employing a luminous flame .provided with a regulator for the heating. 
When the solution of the steel is complete, the flame is raised gradually, 
until the solution approaches the boiling point, and the solution heated 
to boiling for a minute. The contents of the absorption vessel are 
then filtered and the cadmium sulphide washed and weighed or treated 
with S cc. of the copper solution, prepared as described above, the 
precipitate collected on an ash-free filter paper, washed with slightly 
acidulated water, and ignited to cupric oxide in a platinum dish. The 
weight of CuO x 0-403 = S. 

Volumetric Method. In the volumetric method, as worked out by 
Reinhardt,^ the cadmium sulphide is filtered off, treated with standard 
iodine and hydrochloric acid, and the excess of iodine titrated back with 
sodium thiosulphate. 

The precipitate of cadmium sulphide is filtered, washed with 
ammonia (1:3), the filter paper and precipitate returned to the 
original flask, 30 to 50 c.c. of standard iodine solution added, then 20 c.c. 
of hydrochloric acid (i : i) and 200 c.c. of water, and the solution titrated 
back with sodium thiosulphat'e, after the addition ol stardh solution. 

I C.C. N\\o iodine =0-001603 g- sulphur. * 

The liquid containing the cadmium sulpMde in suspension may be 
acidified with hydrochloric acid in the cold and titrated with standard 
iodine after the addition of starch. In a variant of this methqd the 
hydrogen sulphide is absorbed in dilute sodium hydroxide golution and 
titrated wifcti iodinef^fter |cidifying the «olution with hydrochloric acid, 
using starch as an indicator. 

2. Etolufion^of the Sulphur as SiHfhuretted Hydrogen, and Conversion* 
'ti^to Barium Sulphate. The apparatus employed in this method is 
shown in Fig. ii. Ten* grams of the s^ple is introduced into the 
decomposition flask, the contained air dRiplaced by carbon dioxMe? 

^ Stahl 1906, 26) So<h , 
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and the» 50 c.c. of hydrochloric acid, saturated with bromine, placed 
m the absorption bulb. ’ 

The metal is dissolved by the addition of 100 cx. of hydrochloric 
acid of Sj>, gr. 1-19, the solution boiled for five minutes, and a current 
o 7 carbon dioxide passed through for a further ten minutes The 
». contents of the absorption bulb are then washed out into a porcelain 
dishfS c.c of sodium carbonate solution (i : io>added, the whole evapo- 
rated to dryness, taken up with lo c.c. of hydrochloric acid (i : i) and 
water, and filtered. The solution is precipitated as usual with barium 
chloride, and the resulting barium sulphate ignited and weighed • any 
content of sulphur in the bromine and hydrochloric acid must, of course. 



be deter’mjned by a blank experimenUand deducted. The weight of 
BaSO^x 13744 gives the percentage of S. 

The apparatus shown in.Fig. 12 was devised by Corleis for measuring 
off the mixture of bromine and hydrochloric acid. 

3. Direct Precipitation as Barium Sulphate. Krug,i Meinecke,* and 
Phillips® have pointed out independently that there are two sources 
of error in all methods of determining sulphur in iron and steel wfiich 
(Tepend og its liberation as sulphuretted hydrogem On the one hand 
^ Je whole of the s^hur is not^evolved as sulphuretted hydrogen 
dimethyl sulphide, (CH3)2S, being also formed, and on the other hand 
a portion, remains beRind, partly as iron (and copper) sulphide. The 
*t^thod Of “ annealing ”ha^^ been psopqsed by"!Macfarlane and Gregory* 

' • • * ^ 

’ Eisttty 190^ s 3 S, 88j» * Z, angm. Chem., i888, i, 377, 

’'y. See, Chitn, 218. * 
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to overcome the first difficulty. Five grams of drillings are mixed with 
O’S g. of cream of tartar, wrapped in a filter paper and heated to a bright 
red heat for fifteen minutes in a covered porcelain crucible. When cold 
the mass is powdered, placed in the evolution flask and treated as usual. 
To avoid these sources of error entirely, however, the only method is tb 
oxidise the sulphur completely to sulphuric acid during solution and to • 
precipitate it as barium sulphate. The results obtained by this method 
are inaccurate unless certain precautions are adopted, while the method 
is somewhat lengthy to be used where numerous determinations are 
required. 

The following form of this method has been worked out by Krug.^ 
Five grams of the sample is dissolved in 50 c.c. of nitric acid of gr. I >4 
in a 500 c.c. round-bottom flask. The solution is first warmed gently 
until the evolution of nitrous fumes has ceased, and then gradually 
heated to boiling; solution is complete in one to two hours. To, 
prevent any volatilisation of sulphuric acid when the ferric nitrate is 
subsequently baked, 0-25 g. of pure potassium nitrate is added, which 
retains the free sulphuric acid as potassium sulphate. The solution is 
evaporated to dryness, baked, the residue dissolved in hydrochloric 
acid, evaporated till chlorine ceases to be evolved, the silica and insoluble 
matter filtered off, the fikrate concentrated, and the bulk of the iron 
removed by the ether extraction method (p. 6). The sulphuric acid is 
then precipitated with barium chloride in the residual solution. 

In dealing with tungsten steels, care must be taken thatmo tungstic 
acid passes into the filtrate containing the sulphur. This may occur 
if too much hydrochloric acid is left when the insoluble matter is 
filtered off. 

Two opposing defects are inherent in this method. The barium 
sulphate is precipitated incompletely in pre.sence of a large excess of 
acid, and precipitates from only^ moderately acid solutions tend to carry 
down more or less iron with them. These errors may be made to 
compensate each other to a considerable extent {cf. Vol. I., p. 368). * 

The above method is frequently modifie*d*by dissolving 5 g. of the 
sample in a mixture of 20 c.c. hydrochloric acid and 30 c.c. nitric acid 
in a tall beaker, evaporating to dryness and baking, taking up, with 
40 «.c. hydrochloric acid and again evaporating until a sl^in appears, 
which is redissolvetf in ^ilute hydrochloric *aci 3 . The .solution is* 
diluted to 50 c.c., filtered hot, arfch the residue washed. The filtrate 
is then boiled, «o c.c. of, hot 10 per cent, banium chloride solution-* 
ia(Jded a little at a time, and boiling continued for a few minutes. 
The solution is allowed -to stand for several hours and thq barium 
sulghate • filtered off, washed * aad weighed as usual. A bledk* 
experiment should be made. , . , * • 

• • 1 Stail u^tsen, 1905 , 26, 887 * . 
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► According to Platz,i 5 g. of pig iron is. dissolved in nitric acid of 
sp. gn 1*2, evaporated to dryness with hydrochloric acid, the residue 
dissolved in hydrochloric acid, the solution evaporated to syrupy con- 
sistency, diluted, filtered, and precipitated cold with barium chloride. 
After standing at the ordinary temperature for twelve hours, the barium 
sulphate is filtered off, washed with cold water, and burnt wet. Were 
the iplution precipitated boiling, the barium chloride 'solution, which is 
apt to become basic during the evaporation, would precipitate a con- 
siderable quantity of the iron. In any case, a little iron, owing to 
adsorption by the filter, will be found in the ignited precipitate. The 
latter is, therefore, treated with a little hydrochloric acid and boiled 
with water and a drop of barium chloride, when pure white barium 
sulphate, free from iron, is obtained. 

Tamm ^ dissolves 5 g. of metal by boiling with 50 c.c. of water and 
10 g. of potassium chlorate, after first adding i c.c. of hydrochloric acid 
*to start the reaction; 5 c.c. of hydrochloric acid is then added, and 
further successive portions, each of 5 c.c., until there is no further evolu- 
tion of chlorine and the metal is completely dissolved. The precipitation 
is then effected with barium chloride in the warm solution and the 
precipitate treated as above. 

Phosphorus — Phosphorus is determinec^ in iron and steel in the 
same manner as in iron ores (p. 16). Two points have to be specially 
taken into consideration ; the silicon must be entirely eliminated as 
silica, and |he phosphorus must be fully oxidised to phosphoric acid. 
Any arsenic present should be eliminated by treatment of the hydro- 
chloric acid solution With metallic zinc. Complete removal of arsenic 
is assured by the addition of ammonium bromide after treatment with 
zinc and evaporating to dryness. 

The amount of metal to be weighed out depends on its nature ; of 
pig iron for the basic process 0-5 g. is taken ; of cast and puddling 
iron I to 2 » g. ; and of iron for the acid process and steels 2 to 5 g. 

• I. The Iptition Method. The metal is dissolved, in a porcelain dish 
covered with a clock-glass; in 25 to 80 c.c. of nitric acid of sp. gr. i-2, 
the solution evaporated to dryness, and the. nitrates decomposed by 
heating the residue on a wire gauze over the free flame. The silica is 
thus tendered insoluble, and the phosphorus is converted into pjios* 
phoric acid The mass, is wsymed with 10 to 2^c.c. of concentrated 
hydrochlcyic acid, zinc added to eligiinate arfy arsenic present, and the 
^‘Hquid evaporated to^syrupy co^^stency; 10 c.c. of^ nitric acid and 
.{alter a few minutes) hot \\jater are added,* the solution filtered, and 
tte residue \Yashed with dilute nitric acid. Jhe filtrate, which should 
•amount to about 100 c.c., i^ifeutrali^jd^ith ammonia, i g. of amnionium 

^ Siafil u, 887. 7^256 ; /. Jroirand SUel InsL^ 1887, 1 ., 471. 

* y. Iron and Steel l887,*ii., 359. 
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nitrate added, then heated nearly to boiling and precipitated with# 
25 C.C of molybdate reagent ; fifteen minutes at 80'' to 90° are allowed 
for complete precipitation. The phospho- molybdate is then filtered 
oflT, washed with nitric acid (i : i), dissolved in dilute ammonia (c/^ p. 18), 
and precipitated hot with 2 c.c. of magnesia mixture, the futther pro- 
cedure being the same as in the analysis of ores. Should the solution ^ 
be tinged green owing to the presence of reduced molybdic acid, tj^is is 
oxidised by adding a few drops of hydrogen peroxide. 

2. The Oxidation Method (v. Reis ^), The metal is dissolved in nitrit 
acid and 25 c.c. of permanganate solution (10 g. to the litre) added, 
together with 8 to 10 g. of ammonium chloride, which effects the 
re-solution of precipitated manganese peroxide. The liquid ?,s boiled 
until clear, evaporated to dryness, and proceeded with b.s in the 
ignition method. 

The following rapid method is used in many iron works' laboratories/^ 
Five grams of steel is dissolved, oxidised with permanganate, evaporated* 
to 25 C.C., and rinsed into a 400 c.c. conical flask. Ammonia is added 
,, very gradually, with continual agitation, in slight excess, and the solution 
then acidified with nitric acid until the liquid is clear, and the tempera- 
ture brought up to about 90^ After adding 40 c.c. of molybdate 
solution, the flask is closed with a rubber stopper, wrapped in a thick 
cloth, and thoroughly shaken. The precipitate is allowed to settle, 
filtered off, and determined either by direct weighing or by titration, 
as described on pp, 18 and 32. 

In pig irons containing titanium the residue insoluble in nitric acid 
includes the titanium, together with some of tiie phosphorus. The 
latter may be recovered by igniting the residue, fusing with sodium 
" carbonate, and extracting with water. Sodium phosphate is dissolved 
and sodium titanate remains insoluble. 

Tungsten steels require a mixture of nitric and hydrochloric acids 
for solution, and the tufigstic add residue should be treated .to remove 
phosphorus. The tungstic acid is dissolved in ammonia, a little ferfic 
chloride added to the solution, which is made .slightly acid with hydro- 
chloric acid. The iron is precipitated with ammonia and carries down 
the phosphorus. This precipitate is filtered, rcdissolved and reprecipi- 
tate^, then dissolved in hydrochloric acid, and the solution adefed to 
the main bulk of ferjic chloride solution ([or sutjseqaent treafment.^ 

The molybdate precipitate obtained from vanadium stegls by tKe 
usual methods orange red, and 4:9ntains some vanadium and not 
^11 the phosphorus. Accflratc results ar? obtamed by the following*" 1 

^ Iron and Steel InsL^ 1887, i^i 365. • 

BFair, The Ckemkal^Anafysts ef lroftl 

^ T. E. Rooney and L. M. Clark, jC jf'oa and Steel /w/., 4 Sgt 6 , i., 45/; /. Soc* CAem, /ltd*, ^ 
1926,45,493. ‘ 
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^^thd 4 , due to Johnson*^ 1-63 g. is dissolved in 45 c.c, of nitric acid 
(sp, gr. I‘t3)* The solution is boiled, 3 c.c. of 5 per cent permanganate 
solution added, and then after boiling, a slight excess of ferrous sulphate, 
A further 50 cc. nitric acid of sp. gr. 1*42 is added, the liquid boiled, 
and then |tirred with 50 c.c. of a solution containing 55 g. ammonium 
molybdate, 50 g. ammonium nitrate, and 40 c.c. ammonia sp. gr. 0*95 
•per litre, and allowed to settle overnight 

Cbpper. — The majority of the methods for determining copper in 
iron and steel depend upon the separation of the copper as sulphide. 
When the sample is dissolved to a ferrous salt in dilute sulphuric or 
hydrochloric acid, all or some of the copper remains undissolved. If, 
on the other hand, oxidation occurs during the solution, there is so 
much ferric salt formed, that direct treatment with sulphuretted 
hydrogen is out of the question. A previous reduction of the iron is 
therefore necessary before precipitating the copper. 

, I. Gravimetric Method, At least 10 g. of metal is dissolved in lOOcx. 
of hydrochloric acid of sp. gr. 119, with the aid of nitric acid, potassium 
chlorate, or hydrogen peroxide, and the solution evaporated to 50 c.c. 
The solution is reduced by means of $ g. of sodium hypophosphite at 
boiling temperature ; this salt does not react with sulphuretted hydrogen, 
so that an excess is of no consequence. Sulphuretted hydrogen is passed 
into the warm solution ^ until saturated, and 1:he precipitate, together 
with the original residue, filtered off and washed with hot water. 
It is then washed into a beaker, the filter ash added, the whole boiled 
^ith hydrochloric acid of sp. gr. 1*19 and i to 2 g. of potassium chlorate 
till completely dissoh;ed, and the solution evaporated to dryness ; the 
silica is filtered off, the copper precipitated as sulphide in the filtrate 
and weighed, after ignition ; or else the filtrate is freed from chlorides 
by evaporating with sulphuric acid and then electrolysed. 

A simpler method is to dissolve the steel in dilute sulphuric acid, 
and boil, without filtering, with about ic^g. sodium thiosulphate. This 
effects the reduction of any ferric salt and precipitates dissolved copper 
as sulphide together with free sulphur. 

The precipitate is filtered and ignited and the determination 
finished either electrolytically or colorimetrically as described 
below.^ 

2. Ekctr^ytic Metjiod. Ten to twenty grams of drillings are treafed 
with 40 c.c. of dilute sulphurit acid, and a#furtlJ^ 40 c.c! is added 
after the first reaction is completSa.^ When solution is complete, 
the liquid is diluted to^oo c.c. and^filtered. ffhe residue ’is ignited in 

1 porcelain crucible, dfesolved in fuming nitric acid, evaporated with 

• ^ 

♦ • 

1 /nd, Chtm,, iQf?, II, 113 ; liso Ch^u News, 191^, II8, 113. 

* * QC R%mhart, S^tiJ u, Eisen, 1889, 9»^^4' 

® Cf* Zinberg; Z, anal ^hhn,, J%I 2 , ^I, 19. 



u 


IRON AND STEEL 


sulphuric acid until fumes are evolved, taken up with 20 c.c. of nitriot 
acid of sp, gn i »2 and 20 c.c, of water, filtered, diluted td 120 c.c., 
and electrolysed with a current of 0*5 to i-o ampere per sq. dcm. 

3. Colorimetric Method. This method, as described by Ziegler, 
has been modified by Perillon.^ Solutions obtained by adding ^n 
excess of ammonia to copper nitrate are compared for depth of tint. 
The standard is made up by dissolving electrolytic copper in nitric* 
acid and adding just enough ammonia to redissolve the precipitate. 
It is desirable to have two standards at hand, containing 2-0 and 0-2 
mg. of copper per cubic centimetre, respectively. 

The test solutions are prepared by precipitating the copper as 
sulphide and dissolving it in nitric acid. Colorimeter tubes, as employed 
for Eggertz’s carbon assay, are used, and the test is diluted u^itil it 
attains the tint of the standard {cf. p. 49), The method is very 
delicate, and is especially adapted fo the estimation of very small 
amounts of copper. 

Potassium ferrocyanide gives a very sensitive test with copper 
solutions, and it is possible by this means to detect i part of copper in 
2 million parts of water. Iron must be absent and the solutions must 
be neutral ; they are suitably prepared by boiling off the excess of 
ammonia from ammoniacal copper solutions. 

Arsenic. — Arsenic may be determined either by precipitation as 
arsenic sulphide and converting this into magnesium pyroarsenate, 
or by distillation as arsenic trichloride and subsequent precipitation 
with magnesia mixture or titration of the distillate with iodine. When 
iron is dissolved in hydrochloric acid, arsine is not evolved, unless 
the solution is made very acid. According to v. Ries,^ arsenic may 
be relied upon not to escape as arsine when dilute sulphuric acid 
(i : s) is used. 

I. Sulphide Method. Ten to fifty grams of metal is dissolved in 
hydrochloric acid of* sp. grf 1-19 and precipitated by tneans of 
sulphuretted hydrogen, as for the determination of copper. The 
sulphides are dissolved, the silica and gsaphite filtered off, and the 
filtrate warmed with a slight excess of potassium hydroxide and sodium 
sulphide; the copper is thus precipitated, whilst arsenic remains in 
solution. The filtrate is acidified with hydrochloric acid and vielently 
agitated for a few mj^iutes. The precipitated arseeic sulphide is filtered, 
washed, and oxidised with hydiychloric acid and potassium chlorate. 
The solutiop is^ again filtered through a small filter paper, the filtrate 
concentrated to a few cabic centimetres, tartaTic acid and an excesi 
of arnmonia added (which should produce nfl precipitate^, and the 
arsenic precipitated with magpejaa mijf^re. At least tvrenty-fou| 

1 DinglfolyUj.y 1S92, >4^ 

® u» JS^seUy 9, ^o. 
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^ouf$ at the ordinary temperature is required to complete the 
precipitation of ammonium magnesium arsenate. The precipitate is 
treated exactly like the corresponding phosphorus compound, and 
is finally weighed as Mg2As207. v. Reis^ states that if the quantity 
oi arsenio present is not too small, vigorous stirring and subsequent 
standing for fifteen minutes suffices to ensure the complete precipitation 
of thg arsenic. 

2. Distillation Method. From 5 to $0 g. of* steel is treated with 
50 per cent, hydrochloric acid in a fllask, the gas evolved being passed 
into bromine water to collect any arsenic evolved as arsine. When 
hydrogen ceases to be evolved, the bromine solution is boiled until free 
from bromine and is then returned to the solution of iron in the 
original flask. A condenser is now attached to the flask and the 
contents boiled to a low bulk. ^ receiver containing water is placed 
so that the end of the condenser dips just under the water. 25 c.c. of 
hydrochloric acid of sp. gr. i-i6 is now added to the flask and 
distillation continued, to ensure the complete expulsion of arsenic as 
trichloride. 

According to Stead,- the arsenic in the distillate may be determined 
directly by titration, instead of being converted into magnesium pyro- 
arsenate. The distillate is rendered alkaline#with ammonia, and then 
slightly acidified with hydrochloric acid. A small excess of sodium 
bicarbonate is added, together with some starch paste, and the solution 
titrated witl^ standard iodine solution. The solutions required are: — 

1. Arsenious acid: o-66 g. of pure arsenic trioxide (=0*5 g. As) 
and 2 g. of sodium carbonate are dissolved in 100 c.c. of boiling water. 
After cooling, 2 g. of sodium bicarbonate is added and the solution 
made up to a litre. One c.c. = 0-5 mg. As. 

2. Iodine: 1*2692 g. of resublimed iodine and 2 g. of potassium 

iodide are made up to a litre. One c.c. = i c.c. of standard arsenious 
acid solution = o*S mg. As. • 

•Nickel — Minute quantities of nickel occur in various classes of iron 
and steel. Nickel steels, however, contain from i to 5 per cent, of nickel 
but certain special steels may contain over 30 per cent. 

I. Nickel Oxide Method. For the determination, 2 to 5 g. of iron or 
steel, 6r I to 3 g. of nickel steel, is dissolved in hydrochloric acid wjth 
the aid of hitric ackd oj potassium chlorate, evaporated to dryness, 
taken up \yth hot dilute hydrochloric^ acid, afid filtered. Ah excess of 
ammonium chloride and ammonij^are added to the §ltrate,.and the 
precipitate filtered off and rec^issolved, the pretipitation being repeated , 
The united filjtrates are evaporated to a smal^bulk, and, if necessary 
ills ammbnium salts are r^oved taking to dryness and igniting. 

^ Stahl u. l^isen^ i8Sg, 9, 720. ' ^ 

^ Iron anil Sil^l I?9S* 5 m /^Soc» Chem, /jv^*»z 895, li|l^444« 
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Sulphuretted hydrogen is then passed into the warm acid solution 
precipitate copper, which is filtered off, the filtrate made just ammoniacal, 
and treated with ammonium sulphide. The combined precipitates of 
manganese and nickel sulphides are treated on the filter with cold dilute 
hydrochloric acid (i : 6). The nickel sulphide, which remains ufidissolved, 
is thoroughly washed and ignited to NiO, which contains 78-59 per cent^ 
nickel. ^ 

2. Nickel Sulphide Method. I.edebur removes the bulk of iron by 
means of the ether extraction method {cf, p. 6). The extracted 
solution of chlorides is then heated to expel ether, diluted, and treated 
with sulphuretted hydrogen to precipitate copper. After boiling off 
the sulphuretted hydrogen from the filtrate, it is oxidised with nitric 
acid, and the residual iron removed as basic ferric acetate ; the nickel 
is then precipitated from the boiling acetic solution by sulphuretted 
hydrogen. 

3. Dztncthylglyoxtine JUcihod. A method, due to Tschugaeff^ and 
improved by Krant^ and Brunck,^ which is both rapid and accurate, 
consists in the precipitation of nickel by means of dimethylgly- 
oxime, CH3. CNOH . CNOH. C II.j, whereby it is se])arated from iron 
chromium, zinc, manganese, and cobalt ])imcthyIglyoximc is a white, 
crystalline powder, insoluble in water, but soluble in warm alcohol. 
A I per cent, alcoholic solution is used for the precipitation j this 
produces a bright red precipitate of the nickel compound, which can 
readily be washed, and which, when dried at no to i;o", has the 
composition CJl and contains 20-31 per cent Ni. A slight 
excess of ammonia is necessary to secure compleT:e ju ccipitation. 

Iron, if present, is either completely oxidised to the ferric state and 
the solution then treated with tartaric acid to prevent its precipitation 
by ammonia, or it is reduced by sulphur dioxide to the ferrous condition 
and the nickel precipitated in dilute acetic acid solution *in presence 
of sodium acetate ; the formfir procedure is adopted in presence of 
chromium. Small quantities of manganese, copper, or vanadium •do 
not influence the results; if considerabhj •quantities of manganese 
are present, the precipitation must be effected in acetic acid 


To carry out the method, 0-5 to T-o g. of nickel steel is dissolved ir 

thAnl?.r; ° ""-t’ conce'ntrated, and 

the solution oxidised wilt nitric geid. I'rom 2 to 5 g of tartaric add 

rmonifadtd'l"I:ite's^^^^^ *>1 

s*olution is then just acidified with hydrochb^ic'^renndS^^ 

/ cZ: IS: S mi 94 * ’ 

1907, 834, Ig4^ ; Soc. Chnn. IW, 26, (y*, ih?. 
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%oilmg. JThe precipitation of the nickel is next effected by the addition 
of 20 C.C. of the dimethylgly oxime solution, ammonia being subsequently 
added, drop by drop, to ensure complete precipitation. The pre- 
cipitate can be filtered at once; but in specially accurate determinations, 
if is preibrable to allow it to stand for twenty-four hours. The 
^precipitate is collected either in a porcelain or platinum Gooch crucible, 
washed six to eight times with water, and dried at ioo° to 120^* till the 
weight is constant. 

Iwanicki^ avoids the use of a Gooch crucible by collecting the 
precipitate on a dried filter paper, using a similarly dried filter paper 
as a tare. If a hard, smooth surfaced filter paper is used, the 
dried precipitate may be brushed off and weighed in a tared dish. 
Wdowiszewski ^ converts the precipitate to nickel oxide by careful 
ignition ; to avoid the sublimation of the glyoxime compound, the 
precipitate is rolled up in the moist filter paper, and then wrapped in a 
second filter paper before ignition. 

,4. Dicyanodiamidme Method. In this method, introduced by H. 
Grossmann and Schiick,^ nickel is precipitated by dicyanodiamidine 
sulphate. The precipitation is effected in ammoniacal solution in 
presence of an excess of potassium or sodium hydroxide ; the precipitate 
is pale yellow and crystalline, and when air-ckied has the composition 
Ni(C2H,N40)2. 21120.^ 

For the determination, from 0 5 to 2 0 g. of the sample, according 
to its nickel^ontent, is dissolved in aqua regia, the solution evaporated 
down to 15 c.c,, any separated silica filtered off, and Rochelle salt added 
to the filtrate to prevent the precipitation of iron ; from 15 to 20 g. 
is added as a 50 per cent, solution for every i g. of iron. If much 
manganese is present, hydrazine sulphate is added to prevent its 
precipitation with the nickel. On the addition of the Rochelle salt, 
a precipit|Lte 6f acid potassium tartrate separates, which is coloured 
yellow by the enclosed mother-liquor; Ithis is dissolved by ammonia 
anff an excess of sodium hydroxide added (50 c.c. of a 20 per cent, 
solution). The sojution ^ufns bright green, and should be perfectly 
clear. The nickel i^ then precipitated with i to 1-5 g. of dicyanodiami- 
dine sulphate (preferably as a 10 per cent, solution), the precipitate 
alloweS to stand for several hours, filtered off on a Gooch crucible, 
washed four to five, times with #6 per cent, a^mofl^ia, dried at 120^ to 
130'' and wieighed. The anhydrous^oDm pound contains 22*5 per cent, 
gf nickel. * 

^ StM «. Mis€n^i^%y 28 , 1547 . 

^ H,*£isent 1908, 28, 960 ; 29, 358 : c/i also P. Bogoluboff, Siahl u., Eisen^ 1910, 

39i 45B ; /• Chem^Jnd., 1910, 29, 493. • % ^ ^ 

Ch 4 m^ 535^9ti ^StaAi Eisen^ 1909, 29, I43 ; also Picttner, Chiin% 

1909* a6, 3961 411 ; L Sou Qhem, /ml, 1909, 28, £ 25 . • • 
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5. Potassium Cyanide Volumetric Method, The following rapidP 
method of determining the percentage of nickel in nickel steels is 
employed in many laboratories.^ 

One gram of the sample is dissolved to a clear solution in 20 c.c. of 
nitric acid (i : i), the nitrous fumes boiled off, 100 c.c, of distilled water 
added, and the solution allowed to cool Fifteen c.c. of ammoniun^ 
citrate solution (225 g. citric acid, 450 ex. strong ammonia, and 140 c.c. 
water) is added, the whole neutralised with strong ammonia, and 
when quite neutral, not more than i c.c. of ammonia added in excess. 
A crystal of potassium iodide is then stirred in and the solution titrated 
with a solution of potassium cyanide containing silver nitrate (12-5 g. 
potassium cyanide, 0*25 g. silver nitrate, and 2000 c.c. water). The 
opalescence produced by the first additions of the cyanide solution is 
cleared up by further addition of cyanide until the solution remains 
crystal-clear for at least three minutes. The cyanide solution is 
standardised against a known nickel steel or against 30 mg. of pure 
electrolytic nickel, which represents i g. of steel containing about 3-0 
per cent, of nickel The strength of the cyanide solution is so adjusted 
that approximately 30 cx. are used for 30 mg. of nickel 

This method is equally applicable for steels in sulphuric acid 
solution. In fact the prtsence of ammonium sulphate in the solution is 
desirable, as it increases the delicacy of the end reaction. A variation 
of this method, which has the advantage of permitting a repetition of 
the end-point should it be overshot, is conducted as follow^ ; 0*5 to I g. 
of the steel is dissolved in hydrochloric acid, oxidised with nitric 
acid, and most of the acid evaporated off. THe residue is dissolved 
in a little water and about 20 g. of citric acid added. When this 
has dissolved, the liquid is neutralised with ammonia and i c.c. added 


in excess. The neutralisation is best finished in the cold. Two c.c. 
of silver nitrate solution (5 g. per litre) is then added accurately 
from a burette to the cold iTquid, followed by 30 cx. of a solution 
containing about 400 g. ammonium sulphate and 20 g. potas^um 
iodide per litre. The solution is thCrw titrated with potassium 
cyanide until the turbidity just disappears. If necessary it can 
be restored by further addition of silver nitrate and the end-point 
repeated. The silver nitrate solution is titrated against the cyanide 
and the volume of cyagide cquivaleiit to ihe Silver nitrate used is 
-deducted from the burette readifig. The observation of the end-point 
of thisreactioa is inuch fecilitated^by the use of a box with two com^ 
partments side by side ; one of them, lined with black, is provided with 
a hole for insertion o£.the beaker and the other contains* an electric 
l^p from which .a beam projacted through a liole 

So^ Q. M. j'ohMon,/ Jmr. Chm, 
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^partition, Illuminating the solution and making the slightest turbidity 
apparent* 

Steels containing much chromium give a very dark coloured 
citrate solution, which can be lightened somewhat by increasing the 
amount of citric acid used, but the following procedure overcomes this 
difficulty entirely. The steel is dissolved in nitric acid of sp. gr. 
and 4he solution neutralised with ammonia as completely as possible 
without the production of a permanent precipitate. After cooling, a 
volume of potassium cyanide solution is added, which is judged to be 
somewhat in excess of the amount required by the nickel in the sample. 
Sufficient dilute ammonia (lo c.c. of i : i), to precipitate the whole of 
the iron, chromium, etc., is added, the solution made up to a definite 
volume, filtered, and half the volume collected. This filtrate, after 
addition of the ammonium sulphate and potassium iodide indicator, is 
titrated with silver nitrate until a turbidity just appears. 

6. Electrolytic Method, Neumann^ has worked out the following 
electrolytic method for the determination of nickel in nickel steel. From 
2*5 to 5 g. of the metal is dissolved in dilute sulphuric acid, the solution 
oxidised with hydrogen peroxide and ammonium sulphate, and an 
excess of ammonia added. The liquid is boiled, thoroughly shaken, 
allowed to cool, and made up to 500 c.c. flThe precipitated iron is 
then filtered off and 100 c.c. of the clear solution withdrawn by a 
pipette, or separated by filtration through a dry filter paper, for electro- 
lysis. Ammonium sulphate is added until the total quantity reaches 
10 g., and in addition, 30 to 40 c.c. of ammonia and 20 to 60 c.c. of 
water. An electromoltive force of 3J to 4 volts, and a current density 
of I to 2 amperes per square decimetre, is used for the electrolysis, the 
liquid being warmed to 50*" to 60°. The time required is about two 
hours. Thp accuracy of the method is not affected by the presence of 
silicon, ca/bon, or chromium, provided the last is not present as chromic 
acid. Manganese is, at most, deposited* in traces with the nickel, but 
coBalt if present is deposited. 

Cobalt. — Cobalt is an krfportant constituent of certain magnet steels 
and is also a constituent of some varieties of tool steel, generally in 
association with considerable quantities of chromium. After treatment 
with tlie ordinary acid mixtures, the latter class of steels leave residues 
w^ich may need verj^ prolong^ digestion fey the^Ir complete solution, 
and time tan be saved by filtering •off the residue and fusing with 
^Ikali carbonates, addjpg the acidified solution from the fusion to the 
original filtrate. 

For thfe determination of cobalt (and nickeljkthe iron and chromium 
are most conveniently re«loved bj^the^basic acetate method (p^). 
The filtrate, aftfir boiling, down,* is neutralised with acetic acid, about 
i Stahl u, Euen^ X#98, x8, 910 \ / Chem, 17, l# 74 * 
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5 C.C added in excess together with 20 c.c; ammonium ace^tate, atld* 
thoroughly saturated with hydrogen sulphide while hot. The precipitate 
of nickel and cobalt sulphides is filtered, washed, ignited at a moderate 
red heat (800® to 900®), and weighed as NiO + CogO^. The filtrate 
should be again boiled and treated with hydrogen sulphideito ensure 
complete precipitation. The nickel may be determined in a separate^ 
portion of the steel, or in the weighed oxides by means of dimgthyl- 
glyoxime (p. 66) and the cobalt obtained by difference, or the latter may 
be directly separated from the mixture by the method of Ilinski and 
Knorre.^ In this process the cobalt is precipitated from a warm 
solution containing 5 to 10 per cent, of hydrochloric acid, by adding an 
excess of a solution of nitroso-^-naphthol prepared by dissolving 2 g. of 
the solid in 75 c.c. glacial acetic acid and diluting to 150 c.c. with water. 
After digesting for about an hour, th^ dark red precipitate is filtered, 
washed first with S per cent, hydrochloric acid, then with water and 
ignited in a muffle at 800"^ to C03O4 which contains 73*44 per cent* 
of cobalt 

Cobalt may also be determined by precipitation as cobalt 
ammonium phosphate.^ Manganese if present is precipitated with the 
cobalt and should be separately determined and allowed for. If nickel 
is also present, this sh(iuld be precipitated from the basic acetate 
'filtrate by means of dimethylgly oxime, and the excess of this reagent 
decomposed by means of nitric acid. The solution is then neutralised 
with ammonia, made very slightly acid with hydrochloric ^cid, heated 
nearly to boiling and treated with 10 to 20 c.c. of a saturated solution of 
sodium phosphate. Ammonia is then added in drops until the solution 
is just alkaline and the mixture is digested and stirred until the precipi- 
tate becomes pink and densely crystalline. It is then filtered on paper 
pulp, washed with hot water, ignited, and weighed as CoJ^20r 
pulp should be wrapped in a wet filter paper and the ignition conducted 
with care to avoid mecfhanical Toss, 

Chromium. — Chrome steels with low chromium content are soluble 
in sulphuric acid, hydrochloric acid, or aqua «regia. Ferro-chrome and 
steels with a high percentage of chromium, however, are resistant 
towards acid, and have to be treated by fusion. 

^Ziegler ^ fuses 0 5 g. of ferro-chrome in a silver crucible withB g. of 
sodium hydroxide atid 3^g. of nitre. ^The qharge is hea1:ed up very 
gradually, so as to reach complete fipsion in half an hour, Xhe melt*is 
taken up with^water, saturated witji carbon dioxide, evaporated to 
• dryness, lixiviated, filtered, and the residue 'washed with water con- 
taining sodium carbonate. By this procedure an efficient reparation 

1 i«85, i8, 699. I ^ , 

Cf* L. Dufty, /. Iron tnd Steel 52. * 

^^DingLpolyif J.^ 1889, 274.513 f Chem. News, 1892, 66, 295. 
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%f iton and chromium is usually attained ; it is desirable, however, to 
test the ferric residue, both for unattacked metal and for chromium. 

Namias^ fuses i g. of ferro-chrome with 8 to lo g. of acid potassium 
sulphate ; after fusing for one hour, 2 to 3 g. more of acid sulphate is 
added and fused. The mass is dissolved in dilute hydrochloric acid, 
the silica filtered off, the filtrate nearly neutralised with sodium 
Ihydrqxide, and precipitated by means of 2 g. of magnesia suspended in 
water. The precipitate is filtered, washed, ignfted, and fused with a 
mixture of sodium carbonate and nitrate; all the chromium is thus 
ultimately obtained as sodium chromate. 

Spuller and Brenner ^ mix 0-35 g. of finely ground ferro-chrome 
with 2 g. of dry powdered sodium hydroxide, with a silver spatula 
in a silver crucible, and cover the mixture with a layer of 4 g. of 
sodium peroxide. The mixture is rapidly heated to incipient fusion ; 
the burner is withdrawn during the violent reaction which occurs, 
^fter the first reaction is over the mass is fused for ten minutes, 

S g. of sodium peroxide carefully stirred in, the fusion continued for 
thirty minutes, a further 5 g. of peroxide added, and the mass again 
ignited for twenty minutes ; the oxidation should then be complete. 
Finally, another 5 g. of peroxide is incorporated, in order to facilitate 
the lixiviation, and the crucible immediately^ allowed to cool. The 
further procedure is the same as for chromiferous ores {c/. pp. 12, 33). 

In the analysis of chrome steel, 2 g. is dissolved in 20 cc. of strong 
hydrochloric acid and the solution evaporated to dryness with 10 c.c. of 
sulphuric acid (i : i). The residue is heated to expel excess of acid, 
transferred to a silver trucible, and then treated like ferro-chrome. 

In dealing with pig iron containing very little chromium, Donath® 
proceeds as follows: — Three grams of metal is dissolved in hydro- 
chloric acid (i : i) and the solution heated to boiling. Meanwhile a 
solution of sodium carbonate is heated up in a porcelain dish. Both 
solutions are tinged a full red by the Addition *of potassium perman- 
gafiate. The iron solution is then slowly run into the sodium 
carbonate ; the iron an4 • manganese are precipitated, while the 
chromium remains in solution as sodium chromate. The excess of 
permanganate is decomposed by alcohol, and the filtrate is then ready 
for thi determination of the chromium. ^ 

^ Stead ^ ifeparates^chrgmiun^ from iron by precipitation a^ phosphate 
from a neq^ral solution in presence sodium thiosulphate and acetate 
as in the method described on p.*S2 for aluminium, fi^es*theb precipi- 
tate with magnesia and sodium hydroxide,'^ and so obtains sodium . 
chromate. • * _ 

^ Stahl u* Eisen^ iSgo^CO, 977 ; and SUel ii., 853. 

8 Chnh 1897, 21, 3 ; Stahl u, 17, loi, 

® Stahl u, Eisiffi^ W94, «4,*446 Iron and SUel In$i.^ 1894, 493* 

< /. Iran and Stieldnst,^ 1893, i., i6of ^ 
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When the chromiferous metal is soluble in acids, it is ^ generally*^ 
advantageous to remove the bulk of the iron by extraction with ether 

(^. p* 6). 

The gravimetric determination of chromium in sodium chromate 
solutions is carried out as described under the analysis of ores (p. I2).» 

To determine chromium volumetrically, a solution of 14 g. of ferrous^ 
ammonium sulphate in i litre of water, standardised against udeci- 
normal potassium permanganate or bichromate, is used. The chromate 
solution is diluted, acidified with sulphuric acid, and reduced with the 
ferrous solution, the excess of which is titrated back with permanganate 
or bichromate. The iron value of the solution, multiplied by 0.3 109 

(l iy 64 )* value for chromium, since 3 g.-mol. of ferrous 

ammonium sulphate is oxidised by one equivalent of chromium. 
When the chromium is very small in amount, it is preferable, 
according to Zulkowski,^ to titrate with potassium iodide and standarcT 
sodium thiosulphate, a check determination being carried out simul- 
taneously with a known quantity of a standard potassium bichromate 
solution. The solution of the chromate corresponding to i g. of the 
sample is treated with 10 c.c. of potassium iodide solution (i : 10), 
hydrochloric acid of sp. i-i2 added, and the liberated iodine titrated 
with sodium thiosulphate after standing for fifteen minutes in the dark. 
Twenty c.c. of a potassium bichromate solution, containing 0*9918 g. 
KgCrgOy per litre = 0*00695 g. Cr per 20 c.c., is similarly titrated. 
The sodium thiosulphate solution contains 4 966 g. Na^SgO.^- 5 H^jO 
per litre. * 

Schneider 2 dissolves 2 g. of chrome steel in dilute sulphuric acid, 
oxidises with 5 c.c. of strong nitric acid, boils off the nitrous fumes 
adds 5 g. of lead peroxide, boils again for a quarter of ap hour, and 
filters. The filtrate is rendered ammoniacal, and boiled for a short time 
till the permanganateVormed *is decomposed. Sulphuric ax:id is then 
added to dissolve the precipitate and the solution (filtered if. necessfifry) 
titrated as above, after dilution to i litre.* .Should the solution, after 
the precipitation of iron, be so poor in chromium (less than o-i per 
cent.) as not to appear yellow, it is separated by partial filtration, the 
filtrate acidified with sulphuric acid, and titrated. 

The lead peroxide usgd in the foregoing. mefliod may be replaced 
by potassium permanganate, a strong solution of which is added drop 
by drop to*th^ boiling solution o^ihe steel ujjitil a permanent dari^ 
• brown precipitate of manganese dioxide, is pr<jduced. Should a per- 
manganate coloration jp^ersist after boiling for a few minutes, it may 
be^ removed by th^ cautious^ addiJtlon oMik few drops of niangants# 

^ Zff/., 1897, Six, 3 ; Stahl u^Eisen, r89y,t7, |oi. 

^ (ksUrr, ZAmhrift^ 40, 2^5 Iron and StetlJnsU^ 1892, ii., 515, 
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"“sulphate solution, but it is desirable to avoid this if possible as a 
large precipitate of manganese dioxide is difficult to wash free from 
chromium. The solution is filtered through asbestos, cooled and 
titrated with ferrous sulphate. In the Stead process, filtration is 
obviated by boiling with dilute hydrochloric acid until the manganese 
^dioxide is dissolved, then diluting and boiling until chlorine is 
completely expelled. , 

The following volumetric methods for the determination of chromium 

• in iron and steel are due to A. W. Gregory and J. MacCallum.^ Two 
grams of the metal is dissolved in as little nitric acid as possible 
and silver nitrate and ammonium persulphate added ; after boiling, 
ammonium chloride is added in sufficient quantity to precipitate nearly 
all the silver, the solution diluted to a definite volume, and filtered 
through asbestos. A quantity of the filtrate equal to half the original 
volume of the solution is taken, excess of standard ferrous sulphate 

• solution added to reduce the chromate which has been formed, and 
the excess of ferrous sulphate determined by titration with standard 
potassium bichromate solution. 

Chromium can also be determined by means of sodium bismuthate. 
Two grams of the steel is dissolved in nitric acid, and about 3 g. of 
bismuthate added in small quantities at a tirie ; the solution is boiled 
till all the manganese is precipitated as dioxide, enough very dilute 
hydrochloric acid added to dissolve the manganese dioxide, and then 
excess of siWer nitrate. The solution is boiled, made up to a definite 
volume, filtered through asbestos, and an aliquot portion titrated with 
ferrous sulphate and laichromate as above. 

A colorimetric method for the estimation of chromium has been 
described by Hillebrand.^ 

Tungsten — Tungsten steel and ferro- tungsten are soluble in acids, 
whereas pietallic tungsten is almost insoluble. All methods of analysis 
are based Upon the separation of tungstic acid, which is purified and 
weighed as tungsten trioxide. 

In the analysis of tungsten steel, i to 2 g. is dissolved in dilute 
nitric acid and the solution evaporated down with sulphuric acid, as in 
the determination of silicon by Drown’s method (p. 51). The insoluble 
residue obtained on lixiviation is treated with hydrofluoric acid to esi^el 
sUica, and ignited, but not over the blow-pipp. The trioxide is always 
contaminAed with iron. Accordiifg* to Auchy,* the amount of this 
•impurity is practicalljj constant, ‘fiz., from ,p -02 to O03 'per®cent. for 
steels containing less Jthan i per cent, of tungsten, and from 0-03 ,to‘ 

• * ^ 

• /. Chem, Soc,i 1907, QX, also <Cnorre, StaAi 1907, 27, 1251, and 

PhUlipa, Ibid ., 1907^ 27, XiS^. ^ ^ ^ 

« J. Amer:Chem. Soc., 189^? 20, Chm^ News^ 1898, 78, 227. 

* /. Amer. Chem. Soc., 18^, «X, 239 ; J, 1899, 
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0‘04 per cent for those which contain a higher proportion;^ it cannot^ 
be removed by washing with hydrochloric acid In order to obtain 
perfectly pure trioxide, the impure substance is converted into sodium 
tungstaje by fusion with sodium carbonate, the melt lixiviated, the 
solution evaporated to dryness with nitric acid, and extr«icted with 
water ; the trioxide thus left behind is filtered off, w'ashed with dilute^ 
ammonium nitrate solution, dissolved in ammonia, evaporated to 
dryness in a platinum vessel, and ignited and weighed. For ordinary 
purposes it is sufficiently accurate to deduct from the weight of the 
ignited impure tungstic oxide the amount of insoluble residue obtained 
by lixiviating the sodium carbonate fusion. 

Herting^ determines tungstic acid volumetrically by titration with 
sodium hydroxide. The precipitated acid, still contaminated with 
silica and iron, is washed on the filter .with dilute nitric acid and then 
with 5 to lo per cent, potassium nitrate until the filtrate is neutral. It 
is then rinsed into a flask, boiled with 200 c.c. of water, and titrateef 
whilst hot with A71 sodium hydroxide, phenolphthalein being employed 
as indicator. One c.c. of sodium hydroxide solution neutralises 
0-ii6 g. of WO3, equivalent to 0092 g. of tungsten. 

Ferro-tungsten dissolves readily in aqua regia, but as some of the 
metal may escape attacli through being coated with tungstic acid, it 
is better to decompose by fusion. Alkali carbonate and nitre, or 
sodium hydroxide and peroxide, or acid potassium sulphate, or a 
mixture of three parts of fusion mixture with two parts cif anhydrous 
borax, may be used for this fusion. 

Metallic tungsten is converted into the trioxfde by roasting, either 
alone (Preusser^ ) or with ammonium nitrate (Ziegler**^). This is then 
further converted into sodium tungstate, cither in the wet or dry way, 
and the clear solution evaporated with nitric acid, as above. ^ 

Tungstic acid is readily precipitated from alkaline solutions such 
as result from fusion ^y meahs of mercurous nitrate. The solution 
must be carefully neutralised with nitric acid and treated with dilfite 
mercurous nitrate solution, which should ba only slightly acid, until 
precipitation appears to be complete. The free nitric acid must 
then be completely neutralised by stirring with excess of mercuric 
ox^e emulsion. The ignited precipitate containing all the tungstic 
oxide shoi^ld be exaftnined for impurities such a% silica and chrnmir 
oxide. 

Both .metallif tungsten and ferwD»tungsten a^e readily attacked by^ 
.warming with hydrofluoric acid in a platinum dish and cautiously* 
adding nitric acid until jjp further action ensuesr The solutten is then 
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%v^porated with sulphuric acid till fumes are evolved, the residue boiled 
with dilute hydrochloric acid, and the insoluble tungstic acid treated In 
the usual manner. 

A method for dissolving ferro-tungsten, proposed by l^amias,^ 
consists in boiling the finely powdered alloy with concentrated sodium 
hydroxide or carbonate solution to which bromine has been added. 

molybdenum. — This element is present in^molybdenum steels and 
in ferro-molybdenum used in the manufacture of the steel. It may 
V be determined by oxidising to molybdic acid, separating from iron, 
reducing to Mo^Og, and titrating with potassium permanganate.*-^ 

Convenient quantities for analysis are i*5 g. of steel or 0-3 g. 
of ferro-molybdenum. The metal is dissolved in nitric acid, with 
or without addition of potassium chlorate, evaporated to dryness, 
redissolved in 20 c.c. of hydrpchloric acid of sp. gr. 1-19, again 
evaporated to dryness, and taken up with 10 c.c. of hydrochloric acid. 
The solution is run in a thin stream into 100 c.c. of boiling 10 per cent 
sodium hydroxide solution, which is then transferred to a 3 CK) c.c. 
measuring flask, made up to the mark, and thoroughly shaken. It is 
then filtered through a dry filter paper into a capacious flask, and 200 c.c. 
of the clear filtrate treated with 80 c.c. of hot dilute sulphuric acid 
(i :4) and 10 g. of zinc, and the liquid war mcd| without actually boiling, 
for twenty to twenty-five minutes, until the reduction is complete. It 
is then rapidly freed from zinc by filtration and titrated with Nj 10 or 
Nj 20 potassium permanganate. The iron value of the permanganate, 
multiplied by o-6o6, gives the molybdenum. 

The reduced molybdenum solution is readily oxidised by exposure 
to the atmosphere, and a more satisfactory means of carrying out 
the determination is afforded by the use of the Jones reductor. This 
consists of a wide burette tube provided with a funnel top, A layer 
of ignited asbestos is placed on a filter plate immediately above the 
stopcock and the rest of the tube is filled wfth amalgamated zinc 
granules of approximately 0*05 cm. diameter. The zinc is amalgamated 
with about i per cent, qf its weight of mercury by shaking with a 
dilute mercuric sulphate solution of suitable strength. After washing 
with water it is lightly packed in the reductor tube and kept covered 
with vfater while not in use. The lower end of the reductor is connec^d 
to a receivA*, such as a, filter ^flask to whiej^ sucftion can l?e applied, 
and the receiver is charged with ^©solution containing a moderate 
excess of ferric ammonium sulphajoi^in 2| per cent sulphuric ^id, into 
which the delivery tube of, the reductor dtps. A determination is 
performedtbyjSrst passing about 100 c.c. of 2^ ^er cent sulphuric acfd 
thispugh the tube, then th€;«ifiolybdfenu#n ^olution containing a sim^ar 

• ^ StaAI tt. 757 ;/* Soc,, 189a, 62 , 539. 

a Auchy,/. Affur. Chem, Sh., I9«3, 24» ^73 > »S» 5**5% 
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amount of acid and warmed .to about 30°, followed by loo.cc. more* 
of dilute acid, and finally about 100 c.c. water. The rate of flow should 
be adjusted to allow the passage of icx) c.c. in ten to twenty minutes. 
The reduced molybdenum solution reacts at once with the ferric 
sulphate in the receiver, producing ferrous sulphate which is titrated 
with permanganate. , 

A gravimetric determination of molybdenum can be made, •after 
separating the iron with sodium hydroxide as for the preceding method, 
by acidifying the alkaline filtrate with hydrochloric acid and adding 
excess of lead acetate to the boiling solution, followed by sufficient 
ammonium acetate to react with any free hydrochloric acid. The 
precipitate is filtered, washed with hot water, ignited, and wfeighed as 
PbMoO*. 

Molybdenum may also be determined in steels by precipitation as 
sulphide, without the preliminary separation of the iron. This is best 
accomplished in solutions containing about 5 per cent, of free sulphuric 
acid, and is aided, especially when dealing with large quantities, by 
heating the solution in a closed flask, on the water bath, after saturating 
with hydrogen sulphide. 

For determining the small quantities usually found in steel, the 
following procedure will^be found to be satisfactory. Two grams of 
the steel is dissolved in hydrochloric acid, oxidised with a little nitric 
acid, evaporated to a syrup and diluted, a little hydrochloric acid being 
added if necessary. Any silica and tungstic acid which may be present 
is filtered off. The filtrate is neutralised with sodium hydroxide 
and sufficient sulphuric acid is added to givh a concentration of 
4 or 5 per cent.; the solution is heated to boiling and a rapid 
stream of hydrogen sulphide passed until the solution is nearly 
cold. Treatment with hydrogen sulphide under pressqre gives a 
precipitate which is easily filtered. The precipitate of mixe.d sulphur 
and molybdenum sulphide Ihould separate clearly. If is filtered 
on paper pulp, washed with cold 2 per cent, sulphuric acid, fed 
ignited carefully until the sulphide is ‘converted into the white 
oxide M0O3. The temperature of ignition must not be allowed to 
exceed dull redness, otherwise loss by volatilisation will occur. After 
waighing, the oxide should be fused with a little sodium carlaonate, 
extracted .with water, a|d the residue consisfing of ferric oxide* 
and possibly copper oxide, weighed and deducted from .the initial 
weight *fter calculating to sulphides. Instead of weighing an^ 

• deducting this residue, die molybdenum, may Ije precipitated as lead 
molybdate from the extract of the fusion bv the method* 
abg^ve. . 

These methods are not suittfble when vanadjum is jJreseqt, in which 
ca‘s^ the methpd described under.vanadiutn* (p-^9)*is used. 
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• . Vanadium. — This element occurs as an ingredient of vanadium 
Steel and of many high speed tool steels, 

1. Gravimetric Method, For the determination of traces of 
vanadium in steel, 50 g. of the sample is dissolved in very dilute 
sulphuric acid (i :20); the acid is preferably mixed and cooled before 
using, and then allowed to act on the metal overnight. The 
carbqipaceous residue is collected on a filter, transferred while wet to 
a platinum dish, dried, ignited, and allowed to cool. The residue is 

» thoroughly mixed with sodium carbonate and a few crystals of 
finely crushed potassium permanganate, fused for some minutes, 
extracted with boiling water, filtered, and dilute nitric acid added 
to the filtrate till just on the point of acidity ; a few drops of sodium 
carbonate are then added, and the solution filtered from any small 
quantities of iron and manganese or silica that are precipitated. 
The filtrate is made slightly acid and the vanadium precipitated by 
, Inercurous nitrate, with the addition of mercuric oxide to ensure the 
neutrality of the solution. 

The mercury precipitate obtained by boiling the solution contains, 
besides the vanadium, any tungsten, chromium, or molybdenum that 
may have been present in the sample. The residue, after ignition of 
the mercury precipitate, is again fused with li little sodium carbonate 
and a little nitrate, and extracted with the minimum quantity of water. 
From this solution the vanadium is precipitated by saturating the 
solution w 4 h pure solid ammonium chloride. After a few hours, 
the separated vanadium Is collected, washed with ammonium chloride 
solution, ignited, and Weighed as the pentoxide, ^ (Lambert). 

2. Volumetric Methods, The following volumetric method for the 
determination of vanadium, due to E. Campagne,^ is to be recommended 
in absence of chromium, or if only an inconsiderable quantity of this 
metal is present. From 2-5 to 5*0 g. of the sample, according to its 
content of wanadium, is dissolved in 60 t,c. of nftric acid of sp, gr. 1T8, 
and the solution evaporated to dryness in a porcelain dish ; if the alloy 
is rich in vanadium, o-2j g. is taken and dissolved in 20 c.c. of acid 
The residue is heated to decompose the nitrates (as in the determination 
of phosphorus), dissolved in concentrated hydrochloric acid, the bulk of 
the ifon removed by the ether extraction process, the residual liqijor 
evaporated •twice sutcesgively ^Imost to drjmess,^taken up with 50 c.c 
ot concentrated hydrochloric acid,*^d finally again evap*orated with 
^5 to 10 c.c, of concentrated sulplywic acid until acid fijmes begin to be 

evolved. The liquief is then allowed to cool, dissolved in 300 c,c.. 
of water, warped to al^out 60*", and titrated v^^h dilute permanganate 
evolution/ 

The vanadic acid initially* formed •is reduced by the hydrochloric 

1 Ser .^ 1903) ^6, 3166. 
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acid, and the lower oxide then" oxidised by tfe'e jin 

accordance with the following equations: — 

V.A + 2HCI = VA+Cl^ + HgO, 

SVA + ^KMnO^ + sASO^ = s ^205 + ^2^0^-^2MnSO^ + 3Ufi, 

The iron value of the permanganate solution, multiplied by 0*914; 
gives the value for vanadium ; it is advisable to dilute the pettnan- 
ganate solution to five times its volume, on account of the smalt 
proportions of vanadium usually present; the conversion factor is 
then 0*1828. 

A convenient volumetric process for fcrro- vanadium is the following : 
Half a gram is dissolved in 20 c.c. dilute sulphuric acid (i to 5); 

' oxidised with a little nitric acid, and boiled with a little permanganate 
' to destroy carbonaceous matter. The precipitate of manganic oxide 
is dissolved with a few drops of ferrous sulphate and the solution cooled^ 
Permanganate is added in drops until a faint pink colour persists, show- ‘ 
ing that the vanadium is fully oxidised. Standard ferrous ammonium 
sulphate is now run in until a spot test with ferricyanide gives an 
immediate blue colour. The end-point may be repeated by adding 
a little more ferrous solution followed by standard permanganate 
until no immediate blueP colour is produced with a ferricyanide spot 
test. The vanadium is equivalent to the difference between the total 
amounts of ferrous solution and permanganate consumed. One c.c, 
N/io solution = 0*0051 g. vanadium. As the solution finally contains 
only reduced vanadium with no excess of ferrous sulphate, the deter- 
mination may be confirmed by warming to about 70”, and titrating 
with permanganate until a permanent pink colour appears.^ 

In steels, vanadium is usually associated with chromium, frequently 
in comparatively large amounts, and it is desirable to separate the 
chromium as well as the iron before attempting a vanadium determina- 
tion. For this purpose, 2 or 3*'g. is dissolved and treated }fy the ether 
separation process, as described on p. 6. The acid solution, after 
boiling off the ether, is evaporated with io*cx. nitric acid until syrupy, 
and diluted with a little water. The solution should be more or less 
blue according to the amount of chromium present. If it is grpen or 
yeyowish on account of the presence of chromic acid, weal^ sulphurous 
acid is added in dro^s ut^Jl no furt here colour change occurs, but any 
excess must be avoided. The solution is now run slowly into 100 c.c. 
of boiling 10 per cent sodium hydroxide solution. The precipitated 
^hydroxides of iron, chromium, manganese, niciqel, etc., are filtered off, 
and, if at all bulky, di, shelved in a little dilute nitric acid dpd repre*. 
ci^ltated in a similar mannjr.* comBined filtrates are acidifterf 
with nitric acid, again cautiourfy reducetJ ^ith .sulphurous add if any 
» also K. Someya, Sd, ^ep. Tohku^ 1^25, 14, 577 j /. 5 t?. dtm. hi, 1926, 45, B. 278, # 
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Acid.:.dalowt is apparent, arid ‘ made just alkaline with sodium 
hydro?:ide. The further slight precipitate of chromium hydroxide 
usually obtained is filtered off, and the vanadium precipitated from 
the filtrate by adding lead acetate and an excess of acetic acid. 

4 When vanadium and molybdenum are present together, they may 
he determined in the following manner: The steel is dissolved and 
tungsjjen and silica separated in the usual way. The filtrate is con- 
centrated, partly neutralised with sodium hydroxide and run into 
excess of boiling sodium hydroxide solution, as described under 
molybdenum (p. 75). The ferric hydroxide precipitate, which stiff 
^contains a little vanadium, is redissolved and the sodium hydroxide 
reparation repeated. The combined alkaline filtrates are acidified 
with hydrochloric acid and boiled for a minute or so. Any chromium 
that may have been oxidised during the separation should be reduced 
at this stage by cautious additions of sulphurous acid. After cooling, 
^ If little permanganate is added to oxidise the vanadium, then excess 
of lead acetate and 30 c.c. of ammonium acetate and the whole 
heated to boiling. The precipitate of lead vanadate and molybdate 
is filtered, washed, and ignited gently. The ignited residue is dissolved 
in hydrochloric acid, evaporated with 5 c.c. sulphuric acid, cooled, diluted 
and the lead sulphate is filtered off. The rranadium is determined 
by reducing the solution with sulphurous acid, boiling off the excess, 
and titrating with permanganate at about 70''. The acidity of the 
solution is afterwards adjusted to about 2-5 per cent., and the liquid, 
after cooling to about 30'’, is passed through the Jones redactor into 
ferric alum, as described under molybdenum, and again titrated with 
permanganate, at first cold and finally at about 70^ Since, in the 
reductor the vanadium is reduced to hypovanadious oxide, V2O2, it 
will absorb three times as much permanganate in the second titration 
.as in the first in which the change is from V2O4 to VoO^: hence, to 
obtain the ^nolybdenum, it is necessary to deduct from the second 
titration three times the volume used in the first one. 

3, Colorimetric Method^ One gram of the sample and i g. of a 
steel free from vanadium and approximately of the same carbon 
content are dissolved in equal quantities of dilute nitric acid. Potassium 
permaflganate solution is added to each until manganese dioxide js 
precipitated •and persists^ on boiling. The ^solutions are cleared by 
the additicyi of sulphurous acid an^ ^hen boiled to expel the excess 
of sulphur dioxide. Each solutioq Jis now diluted to the sam^volume 
and permanganate adefed very- carefully, untfl one drop gives a per- 
- manent piak «jolour. Ten c.c, of hydrogen peroxide is now added t 5 
and the brown colouj;#deveIoped an.the vanadium steel solution 
is. matched by running in^standsCrd vaniafium solution from a burefte 
into the sofution of the^ steS Tree*frogi vanadiuiji^, As the vanadium 
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solution is run in, water is added to the vanadium ’ steel ao^tion iiP 
order to maintain the same volume in each. 

Titanium.^ — Titaniferous ores generally yield pig iron containing 
this metal ; refined iron and steel, however, are generally free from it. 
Ferro-titanium alloys are prepared for special purposes. 

The older method of determining titanium is based on the precipita- 
tion of titanium dioxide from solutions in sulphuric acid by prolpngedi^ 
boiling. For pig iron, S to lo g. of the metal is dissolved in hydro- 
chloric acid, evaporated to complete dryness, taken up with dilute i 
acid, and filtered. The insoluble residue is ignited, evaporated with 
hydrofluoric acid and a little sulphuric acid, and fused wiih acid 
potassium sulphate. The melt is dissolved in cold water and\ added 
to the ferric chloride solution, which is then evaporated dowp with 
sulphuric acid until all the hydrochloric acid is expelled ; the residue 
is taken up with water, and reduced by means of sulphur dioxide or 
sodium sulphite. The solution thus obtained is nearly neutraliseci with 
sodium carbonate and boiled in a covered beaker for two hours, the 
vaporised water and sulphurous acid being replaced from time to time. 
Titanium dioxide and a little iron as phosphate are thus thrown down 
and filtered off. The precipitate is fused with sodium nitrate and 
carbonate, and the melt extracted with water, which leaves sodium 
titanate and ferric oxide undissolved, whilst the sodium phosphate goes 
into solution. The residue is dissolved in sulphuric acid, reduced, and 
boiled as before. The titanium now comes down as a pure white 
precipitate, and is filtered off, ignited, and weighed. Ignition with 
ammonium carbonate ensures complete removal of sulphuric acid. 
According to Baskerville,^ titanium dioxide is precipitated from a 
neutral ferric chloride solution on boiling, after reduction with sulphur 
dioxide. 

Ledebur^ found that a large excess of iron chloride prevents the 
titanium from beings completely precipitated ; to overcojmb this, he 
adopted the following method of determination. The silica hailing 
been rendered insoluble by evaporation^ to dryness, the residue is 
taken up with dilute hydrochloric acid, and the filtered solution, after 
concentration, is twice treated with ether (c/. p. 6). The resulting 
agueous solutions, from which titanium may already have bqgun to 
settle out, are united and evaporated to drynessr; when the residue is 
taken up with dilute hydfochlorif: ^cid, titanium dioxide, in^ pure c6n- 
dition, remains undissolved. This rpethod is less tedious than the above. 

The metho^d most frequently adopted in"^ technical laboratories 
' Consists in dissolving about 5 g. of the sample in hydrochloric acid, 

.a ® . 

TitaMumy with specHdi reference tokhe An$tiys%s Qf TiiaAiferous SuhstanejeSy byW. H. Thoraton. 
Chemical Catalog Co. ^ r n ‘ 

• Amer, Chpn, Soc,y 16, 427. SShi «. £$seny 1894, *14, 810. 
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hydf(^^ is no longer evolved, diluting to about 250 ex. 
with water. The solution is then rendered neutral with ammonia, 
any traces of iron being dissolved by the addition of a drop or two 
of dilute hydrochloric acid. Ten to twelve grams of sodium thio- 
sulphate is then added and the whole gently boiled on a hot plate 
for twenty minutes. The precipitate is filtered, washed with 3 per 
*cent^ acetic acid, and ignited to TiOg. If necessary, the ignited 
precipitate is then purified after treatment with hydrofluoric and 
. sulphuric acids, by fusion and reprecipitation, or the titanium is 
estimated colorimetrically. 

Titanium dioxide, when free from iron, is conveniently estimated 
colorimetrically by the orange colour given with hydrogen peroxide 
in sulphuric acid solution. The standard is prepared by adding to 
a solution containing i mg. of TiO., per c.c. an equal volume of 
hydrogen peroxide, so that the resulting liquid contains 0*5 mg. per c.c. 
Schneider^ proposes to determine titanium before precipitating the 
aluminium {cf, p. 83). The iron is removed by means of ammonium 
sulphide, the filtrate evaporated to dryness, fused with sodium car- 
bonate, and taken up with sulphuric acid ; the titanium is then 
estimated colorimetrically in this solution. 

The application of this method is, howe'sfer, somewhat limited, as 
molybdenum, vanadium, chromium, nickel, copper, and fluorides inter- 
fere with the colorimetric estimation of the titanium. 

When pig irons are decomposed by means of nitric acid of i-2 
sp. gr., the residue of graphite, etc., is practically free from titanium, so 
that after filtering, the'solution may be used directly for the colorimetric 
determination. 

Ferro-titanium does not dissolve readily in acids. It may be 
decomposed by distributing 0 5 g. of the finely divided alloy upon the 
surface of 10 g. of acid potassium sulphate fused and cooled in a 
large platinum crucible. The contents cJf the crucible are then heated 
an<i the temperature maintained “until no gritty particles can be 
felt with a stout platinum wire ” (Brearley and Ibbotson). The mass, 
when cold, is digested with water. Ten c.c. of sulphuric acid is then 
added and the solution gently heated until everything but silica has 
dissolved. The titanium is precipitated from the filtered solution hy 
boiling with* sodium® thiosulphate. 

G. W. Wdowischewski ^ has proposed the following mefhod for the 
determination of titanium in ferrQ- 4 itanium. The alloy is -dissolved in 
moderately dilute sulpTiuric fweid, the solution treated with nitric acid, * 
and after filteang off the silica, tartaric acid aqjJ ammonia are addeS. 
The iron Is then precipitattS with*Jjydrqgen sulphide, filtered off, yie 

h Oesierr, Zeitschnff^ 4^, 4*1 ; Iron and Steel 1S92, ii., 517. 

2 Eng, and Min,J,^ 1908, 85, 1200. • • • • 
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tartaric acid in the filtrate decomposed by addition of more nitric acidf 
followed by heating, and then ammonia added to the colourless solution, 
when the titanic acid is precipitated in the form of white flakes free 
from iron. 

A convenient precipitant for titanium is ‘‘ cupferron/* which can be 
used in strongly acid solutions and provides a simple means for the 
separation of titanium from aluminium. Cupferron,’^ originally intro- 
duced by Baudisch,^ is the ammonium salt of nitrosophenyl hydroxyl- 
amine. It is soluble in water and is used as a 6 per cent, solution, * 
which should be freshly made for each determination. The titanium 
solution should be free from copper and iron, as the reagent also 
precipitates these metals. To the cold sulphuric acid solution of 
titanium, obtained by any of the foregoing methods, the cupferron 
solution is added slowly with continuous stirring, until after the 
yellow titanium compound has settled, a further addition of the reagent 
produces only a white precipitate of the free base. The precipitate 
is then filtered on paper pulp, washed well with lO per cent, hydro- 
chloric acid, ignited at first cautiously, then strongly, and the residue 
weighed as TiOg. 

Aluminium — Aluminium may be present up to lo per cent, as 
a constituent of ferro-aluminium, or in very small quantity in steel, 
to which it has been added as a deoxidiser. The analysis of ferro- 
aluminium is perfectly straightforward. It dissolves readily in acids, 
and the further procedure is the same as for argillaceo^us iron ores 
(c/, p. S). The determination of small quantities of aluminium in 
presence of much iron, on the other hand, is somewhat difficult if the 
ordinary methods of analysis are used ; it is, however, much facilitated 
.by the use of the ether extraction method (p. 6) for the removal of the 
bulk of the iron. 

According to Carnot,^ aluminium is precipitated completely as 
phosphate from dilute acetic afcid solution on boiling, even. in presence 
of a large excess of iron, provided the latter is in the ferrous condition. 
To carry out the determination, lo g. of metal is dissolved in hydro- 
chloric acid and neutralised, first with ammonia and finally with sodium 
carbonate. Sodium thiosulphate is added until the solution is colour- 
leifis, then 2 to 3 c.c. of a saturated sodium phosphate solution and 20 c.c. 
of sodium, acetate sblutijn, and the liquid bpiled for threb-quarters of 
an hour ; the smell of sulphur dioicide should be no longei; noticeable 
at the €ind of this time.^ The precipitate is washed with warm watei^ 

• • „ 

^ G. E. F. Limdell andJI. B, Knowles, /fid, En/r. Chem,^ 1920, I2, ^44 ;•/, InsU 

1920, 24, ^7S ; G. E. F. Lunoell, /; Amer^Chem, Soc,^ i 9 %r^ 43, 847. • 

5 ^^ C^m, ZetLy 1909, 33, 1298. An of* analytical processes t»ased upon the of 

‘^pupferron *’ is given by S. A. Braley, /nd, Eng» ^hem,^ M, II44« • 

I Comptis rmd.) 1890, 9X4 ; CA^fn, Mews^ 1881, 44, 8$^ 189*1, 63, XO, 85, 172. 
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/dissolved in hydrochloric acid, the solution evaporated to dryness, 
dissolved in hydrochloric acid, the silica filtered off, and the aluminium 
again precipitated as above, and weighed as AlPO^, which contains 
22-t8 per cent. Al. 

, Copper, chromium, vanadium, and titanium, if present are precipi- 
tated together with the aluminium by this procedure. Copper is 
readily separated by means of hydrogen sulphide. Chromium in the 
precipitate may be determined by fusion with sodium carbonate and 

# peroxide, acidifying the aqueous extract of the melt with sulphuric acid, 
and titrating with ferrous sulphate; or the aluminium phosphate may 
be reprecipitated by treating the acidified fusion extract with sodium 
phosphate and sodium acetate solutions. To remove vanadium the 
precipitate is dissolved in hydrochloric acid, a little sodium phosphate 
added, then sodium peroxide to .convert the vanadium to pervanadic 
acid, and the aluminium phosphate reprecipitated by boiling with 

, a* slight excess of ammonia. Titanium may be separated by fusion 
with sodium carbonate and extraction with water, the titanium remain- 
ing insoluble, or it may be determined colorimetrically by means of 
hydrogen peroxide after dissolving the phosphate precipitate. 

Modifications of this method have been described by Stead ^ and by 
Borsig.2 t' 

Zeigler^ first eliminates silica, reduces the ferric chloride with 
sodium hypophosphite, precipitates the alumina with zinc oxide, repeats 
the precipitation after filtration and solution, again dissolves and 
precipitates twice successively with ammonia ; after ignition a final 

• purification is effected by fusion with alkali carbonates. 

Schneider ^ has pointed out that all the above methods involve the 
use of reagents which may introduce more aluminium’ than is actually 
present in the metal. He therefore regards it as essential that the 
methods employed should involve the use of such reagents only as are 
easily obtaiiaed pure and easily tested, 8nd from this standpoint has 
suggested the following method, in which the reagents are restricted to 
ammonia, tartaric acid, anci ammonium sulphide. 

Twelve grams of steel is dissolved in 150 c.c. of nitric acid of 
sp* gr. 1-2, and 12 g. of tartaric acid and 400 c.c. of ammonia (i : i) 
added. * A bulky precipitate is formed, which redissolves to a veiy 
dark, clear solution orf heating ^o 100®. The^IiquM is transferred to a 
twd-litre fla^k, diluted with hot wate% treated with 100 c.c. of ammonia 
(l ; i) freshly saturated with sulpji«retted hydrogen, ^le ‘wh^le well 
shaken, allowed to cool,^and made up to the mark. After the precipi- 
. tate has settlec^ it is filtered through a dry filter paper, and 1500 c.c. of* 

- - * %• • • ^ 

^ y. So€* CAem^ Ind,^ 1889, 8 *966. # • • ^ ^ 1894, 14, 6.* 

^ Dingl^pofyty^^ 1890, Iron and SteellnsL^ 1891, i., 440. 

^ OosUrr, Ziiischri/t] 40 , 4 . 71 # * 
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the filtrate (=9 g. of metal) evaporated to dryness with nitric acid, and 
the residue gently ignited and treated with hydrofluoric and sulphuric 
acids to expel the silica. The residue thus obtained contains the 
oxides of vanadium and titanium, together with alumina ; it is fused 
with alkali carbonate, the melt dissolved in sulphuric acid, and the 
alumina precipitated as usual. 

The ether extraction process for the preliminary removal pf the 
iron offers certain advantages for the determination of aluminium. 
From 5 to 10 g. of the sample is dissolved in hydrochloric acid and© 
evaporated to dryness. The residue is lixiviated with dilute hydro- 
chloric acid, the silica filtered off, the filtrate evaporated with addition 
of nitric acid to about 12 c.c., and extracted with ether. The aluminium 
is then precipitated as phosphate from the residual solution, as described 
on p. 82. 

Tin. — Tin is quite an abnormal constituent of steel, but may ^be 

introduced by the use of tinplate scrap in the manufacture. It has^ 

sometimes to be determined in tinplate itself. 

One method for the determination of the tin is to dissolve the 
tinplate in hydrochloric acid, filter, and treat the filtrate with sodium 
carbonate or ammonia until a slight precipitate is formed ; this is 
redissolved and the Vquid saturated with sulphuretted hydrogen. 
After standing, the precipitate is collected, warmed with potassium 
sulphide solution to separate tin sulphide from iron, lead, etc., 
and stannic sulphide precipitated from the filtrate by acetic 
acid ; the precipitate is then evaporated in a porcelain crucible 

with nitric acid, ignited, and weighed as tin dioxide. One gram ' 

Sn02= 07881 g. Sn, 

According to Mastbaum,^ when tinplate is boiled for a few minutes 
with 8 to 10 per cent, hydrochloric acid, all the tin is dissolved, with 
very little of the iron. He digests not less than 25 g. of tinplate 
snippets from two to^four times successively with 50 c.c. of 10 per cent 
hydrochloric acid, boiling for five minutes in a beaker each timcf and 
pours the solutions into a graduated 250 c.c. §ask. From the appearance 
of the metal, it can easily be judged when all the tin has been dissolved. 
After making up to the mark, 50 c.c. of the solution is withdrawn 
Igfith a pipette, ammonia added to incipient precipitation, afld then 
10 C.C. of yellow ammoijium sulphide^ the liquid is theft well shaken 
and made up to 100 c.c. Fift)i t-c. of the clear tin sulplyde solution 
(= 2-5£. of tinplate) is diluted, acidjfied with acetic acid, the precipitate 
allowed, to settle, rinsefl on to a filter, with fo per cent, ammonium 
•acetate solution, th^ precipitate dried and* ignited oxide, with 
repeated moistenjng^ with ^ ammonium •<»irbonate. If* prefferred,^ tj^e 
stflphide solution may be taken (iiredtly to c|r^ness and iernited 
^ * Z. angew^ Chem.^ 1897, lO, ^30. ' 
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The chlorine method of Lunge and Marmier ^ is considerably more 
rapid. Two to three grams of tinplate is cut into strips, introduced 
into a bulb-tube, and heated in a current of dry chlorine at a low 
temperature so that the tin tetrachloride distils off, while the ferric 
chloride, if formed at all, does not volatilise. The further end of the 
Uulb-tube is prolonged into the limb of a Peligofs U-tube charged with 
water, •to which a second U-tube and a small conical flask are attached. 
Tin tetrachloride begins to distil off in the cold ; as the reaction 
•slackens, heat is gently applied, and after two to three hours the surface 
of the iron appears uniformly brown without white specks. Any tin 
chloride remaining in the U-tube is driven over by the aid of a small 
flame, and the chlorine is then displaced by a current of carbon dioxide. 
The end of the bulb-tube is cautiously washed out with dilute hydro- 
chloric acid, taking care to avoid dissolving the ferric chloride ; the 
receivers are similarly treated and the united liquids neutralised with 
• ammonia until a slight precipitate is produced, which is redissolved 
by a drop or two of hydrochloric acid. The tin is then precipitated, 
either as metastannic acid by means of ammonium nitrate, or as 
sulphide. 

Tin may be determined volumetrically by dissolving the tinplate 
in hydrochloric acid in a flask through which a stream of carbon 
dioxide is passed to prevent oxidation of the solution, cooling, and 
titrating with iodine solution using starch as indicator. (See Tin, p. 260.) 

Zirconium. — It may occasionally be necessary to determine 
zirconium in steel or to establish its absence. According to Ibbotson, 
the most satisfactory method is to precipitate the basic chloride by 
boiling with a large excess of sulphurous acid. Sulphates and nitrates 
must be absent and hence to prepare the solution 5 g. or more of the 
steel is dissolved in hydrochloric acid, the residue is filtered off, ignited, 
fused with potassium hydrogen sulphate and ^he melt dissolved in 
water, preci{ 5 itated with ammonia, filterecT, and the precipitate washed, 
dissolved in hydrochloric acid and added to the original solution. The 
whole of the solution is now evaporated to a pasty condition, diluted 
with 250 c.c. of boiling water (there should be just sufficient acid 
remaining to prevent the formation of any turbidity at this stage), 25 c.c. 
of saturated ^ulphur dioxide solution added, and the solution boiled few 
about ten minutes, i^ny precipitate formed i% filtered off, washed with 
hot water eontaining sulphurous amd^ and ignited to ZrCJa* If the 
precipitate is seriously ^contaminated with iron, the operations should 
be repeated. Any titanium in the sample will be obtained with the . 
zirconium, /and* it may be determined colorimetjically by fusing the 
i^ited precipitate with poftissium *ljydrogen sulphate and teeatiijg 
the fusion ^xtrac^ with iiyd^og^n peroxide; or the zirconium may be 

angew, Ckem*^ 8, 429 . • • ^ 
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separated as phosphate from the solution in the presence of excess oi 
hydrogen peroxide. For this precipitation, the solution should contain 
about I per cent, of free sulphuric acid, and should be allowed to stand 
for some hours after adding the sodium phosphate. Sufficient hydrogen 
peroxide must be present to keep the titanium in solution as yellow 
pertitanic acid. The ignited zirconium phosphate contains 51*8 p^r 
cent ZrOg. * 

Uranium. — This element has been used to some extent as a sub- 
stitute for tungsten in tool steels. It may be precipitated as phosphate 
from a solution containing iron in the ferrous condition. For its 
determination, 5 to 10 g. of the steel is dissolved in hydrochloric acid 
and the solution diluted and filtered, if necessary. Any rcisidue is 
ignited, again treated with acid and the solution added to the main 
filtrate. An excess of microcosmic salt is now added to the hot 
solution, followed by dilute ammonia, until a slight permanent pre- 
cipitate is produced. The solution is cleared with a few drops of * 
acid and then 10 g. sodium thiosulphate and 20 c.c. acid are added 
and the whole boiled for about ten minutes. The precipitate is filtered 
quickly and washed with water containing a little acetic acid and 
ammonium acetate. 

Iron and chromium <lnay be eliminated from the uranyl phosphate 
precipitate by dissolving in hydrochloric acid, adding sodium per- 
oxide until strongly alkaline, then several grams each of sodium and 
ammonium carbonates. The ferric hydroxide formed is filtered off and 
the uranium is reprecipitated as above. Chromium remains in solution 
as chromic acid. 


If aluminium is present, it accompanies the uranium throughout 
and is weighed as orthophosphate. An approximate separation may 
be effected by dissolving the mixed phosphates in nitric^ acid, nearly 
neutralising with amrnonia, and pouring the solution into a la/ge excess 
of ammonium carbonate solution (Brcarley). • 

If the amount is small, a direct determination of the uraniurft in 
the precipitate may be made colorimetricdll)' by comparing the colour 
obtained on adding a mixture of potassium carbonate and sodium 


peroxide to its solution with that produced with a standard uranium 
solution. Larger quantities may be titrated with permanganate solution 
after reduction with 'zinc.|- , , 

Boron. — Boron may be d^Urmined in special boron steels as 


follows^:— Onq. to three^g. of the Steel is dissolved in dilute sulphuric 
acid in a flask fitted with a reflux condenser, c^re being taken to avoid 
too large an excess of^cid. The solution is transferred to a •distillation 
fl|sk connected wif.h an invcrfec^ condeni^^r, the end of which pmm 
through a cork in a receiver cahtaining^a ^ per-cent sMuticyi of sodium 
^ 1 a Aschman, jun.^ Ghem. Zeit ., 1916, 40,^960 ; /• Soc^Cieti Ind ., 1917, 35, U63. 
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Ibiydroxide* The outlet tube from the receiver dips into a beaker of 
water. The distillation flask is heated on a sand bath until nearly the 
whole of the liquid has distilled over. The apparatus is allowed to 
cool a little, lO c.c. of absolute methyl alcohol (free from acetone) 
introduced, and the liquid distilled. This operation is repeated five 
^imes, a slow current of air passed through the apparatus for some 
minutes after each addition of methyl alcohol and for fifteen minutes 
after the final distillation. The distillate is heated to expel alcohol, 
then boiled, and neutralised to methyl orange with hydrochloric acid. 
Glycerol or mannitol is added and a few drops of phenolphthalein, and 
the solution titrated with standard sodium hydroxide to a violet 
coloration.^ 

Cerium. — The commercial pyrophoric alloys, which are composed 
of iron and cerium, may be analysed by the method recommended by 
H. Arnold.® From half to one gram of the sample is dissolved in 
hydrochloric acid containing bromine. After the addition of 0-5 g. 
potassium chlorate the solution is evaporated to dryness to render the 
silica insoluble and is then taken up with acid and filtered. To the 
filtrate, 3 to 5 g. tartaric acid is added and the solution is poured into 
50 c.c. strong ammonia. The solution is heated to 60°, 15 to 30 c.c. 
ammonium sulphide added and the liquid welf'stirred. The precipitate, 
which contains all the iron with any copper or zinc which may be 
present, is filtered off, washed with water containing ammonium 
sulphide and tartrate, ignited to oxide, and separately examined for 
copper and zinc. 

The cerium is determined in the filtrate by evaporation, followed by 
two evaporations with nitric acid and potassium chlorate to remove the 
tartaric acid. The residue is dissolved in dilute acid and the cerium 
precipitate^ as oxalate. If aluminium is present it will be found in 
the filtrate. 

A method for the precipitation of cerium as peroxyacetate is 
deferibed by K. Swoboda and R. Horny.® 

Oxygen. — The accurate •determination of oxygen has received much 
attention. The process on which the later methods have been based 
is thajt due to Ledebur,^ in which the oxides are reduced by means 
of hydrogen and the resulting water collected and weighed. luon 
containing enclosed Slag .gives meaningless rfsultSby this mpthod, since 
a part, at •any rate, of the silicate «»ygcn is determined together with 
the oxide oxygen. ^ • • 

To carry out the ^etern>ination, 15 g. ot fine borings are placed 

• ^ Raulin,y^ Soc* Cher^fnd.y 1911, 30989^. 

® Z. anffh Chem.^ X9I4» S3» 49^* • • ' 

I Z anaU /. Soc , them, Ind,, 1926, 45, B242, 
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in a previously ignited porcelain boat and introduced into a com-* 
bustion tube, drawn out at the end and connected to a U-tube charged 
with phosphoric oxide; this is protected by a guard-tube containing 
strong sulphuric acid. A Kipp’s hydrogen generator, a wash-bottle 
charged with alkaline lead solution, a small tube with platinised 
asbestos kept at dull red heat (to remove oxygen), a U-tube containing^ 
sulphuric acid and another containing phosphoric oxide are placed in 
front of the combustion tube. Hydrogen is passed through the apparatus 
for an hour or two ; the combustion tube is then heated, and the boat • 
kept at a bright red heat in a current of hydrogen. After allowing 
to cool, the current of hydrogen is displaced by air, and the absorption 



tube detached and weighed. ' The loss in weight of the boat serves 
as a check upon the oxygen absorbed as water. Owing to volatilisation 
of the sulphur and carbon the former is, -hgwever, invariably greater 
than the latter ; if the contrary should be the case, extraneous oxygen 
must have passed into the combustion tube. In a modification of this 
process the steel is first heated in a stream of pure dry nifrogen 
before being heated dn hydrogen, but ^this is urmecessar^. 

A method devised by J. A. f igkard i also consists in lv:ating tlie 
sample ig dry h;^drogen and weighing the water formed. It is carried 
put in a special vitreous Silica tube E, i8,inches*by i inch in internal 
dikmeter, shown in Fjg. 13. This tube is connected by a* gas-tight 
rubber Joint with tjie glass, estenSion of .the same diamefer which, 
carries a side tube L and is clasecl b/» gh^^cap H,*whic|i fits over 

* Iron and Slet^ Inst, ; Carnegje ScXolarshfi Memoirs, 'igti, 5, 70 . 
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the end. The side tube L carries two stopcocks D and M on a 
T-piece. D is connected with the hydrogen supply and M with a 
Fleuss pump. The silica tube is held horizontally in a strong clamp, 
in such a manner that an electric furnace can be placed round it for 
9 or lo inches of its length, and can be removed at will without dis- 
l^rbing any part of the apparatus. The water resulting from the 
reduction is absorbed by phosphoric oxide contained in a small glass 
boat inserted into the open end of the tube near the glass cap. 

* Before carrying out a determination, the nickel boat used for the 
sample is inserted into the tube, and a boat of phosphoric oxide placed 
in the cold end of the tube ; a stream of hydrogen bubbled through A 
containing sulphuric acid and B containing solid caustic potash is 
passed through and the tube heated up. After allowing to cool, the 
nickel boat is removed, weighed, and 20 g. of the steel drillings or 
turnings placed in the boat. The small glass boat containing phosphoric 

• oxide is weighed in a special weighing bottle. The boat containing 
the drillings is now placed in the silica tube near the closed end and 
a small unweighed boat containing phosphoric acid placed near the 
open end. The cap is replaced and the tube evacuated and allowed 
to remain so for a minute or two, during which time any moisture or 
air condensed on the drillings are completely^^removed. Hydrogen is 
now admitted up to atmospheric pressure and the weighed boat of 
phosphoric oxide is substituted for the unwcighed boat. While this 
change is being made the hydrogen completely escapes from the tube 

, and is replaced by the same volume of laboratory air. A correction is 
made for the amount of water vapour thus introduced, but this never 
amounts to more than i or 2 mgms. The tube is now exhausted, 
filled with hydrogen and re-exhausted, these operations being repeated. 
Hydrogen is now admitted up to half or two-thirds atmospheric 
pressure, v^iich is easily arranged by making the vglume of the purifying 
apparatus b^ween tap D and the tap on 'the hydrogen Kipp from one 
to f^o times that of the silica tube. Then by shutting off the Kipp 
and making connection threu’gh D with the evacuated tube, the latter 
is filled with hydrogen at a diminished pressure, which is necessary in 
order to prevent the cap being blown off by the increased pressure 
due to the expansion of the gas on heating. The electric furnacdi 
preyiously heated to *1000“, is sow pushed over fhe end o£ the tube 
until 9 or le inches are surrounded ,•• it is allowed to remairi there for 
three-quarters of an hoi^r, after which time the^ furnace is re'moted and 
the tube allowed to copl. When cold it is filled with hydrogen a^ ■ 
atmospher^^ pressure, tap D closed, the cap remov^ and the phosphoric 
oXide boat quickly replaced«fh the weagfiin^ bottle and weighed. TJse 
loss in weight of the steal •is.aji^ajjs sli^tly greater than the gain in 
weight of the phosphoric toxide, owing to loss ofr i^lphur*and carlx^ 
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The complete apparatus required for this method is supplied by 
Messrs John Orme & Co., 148 High Holborn, London, 

Pickard's method has been modified in several directions by T. E. 
Rooney,^ who uses calcium chloride as a drying agent instead of 
phosphoric oxide, and a specially arranged electric furnace consistmg 
of an alundum tube wound with platinum ribbon and capable of giving 
a temperature of 1300°. The best temperature for complete redtSiction 
was found to be between 1150° and 1200°, which confirms the results 
obtained by J. H. Whiteley ^ ; the time required is about two hours. * 
P. Oberhoffer and O. von KeiL^ have modified the method by 
mixing the drillings with an alloy of tin and antimony previous to 
treatment in hydrogen, in which case the temperature necessary does 
not exceed 1000°, so that an ordinary nichrome wound furnace may 
be used. 

Nitrogen. — Nitrogen occurs in samples of iron and steel, especially 
after electric arc welding, chiefly as the nitride P'CgN, and is determined • 
by solution of the sample in dilute acid, whereby the nitrogen is 
obtained as an ammonium salt. This is then distilled with caustic 
alkali or lime and the ammonia evolved collected in dilute sulphuric 
acid and determined by Ncssler's reagent, or by titration of the iodine 
liberated from potassium iodide-iodatc solution with thiosulphate 
solution. The latter method appears to give the most reliable 
results. 

Pure ammonia-free w^ater is required for the deternflination, and 
for this purpose 10 per cent, of an alkaline potassium permanganate 
solution is added to the water which is distilled until the distillate 
shows freedom from ammonia with Nessler's reagent, then ordinary 
distillation is carried on. It is advisable to use a condenser tube of 
tin. The alkaline permanganate solution is made by dissolving 200 g. 
potassium hydroxide^ and 8 g. potassium permanganate in 1100 c.c. 
water and concentrating by *Doiling to 1000 c.c. * 

Colorimetric Method,^ One gram of the sample is dissolvefl in 
20 c.c. redistilled hydrochloric acid of sp.*gr. 1-124; the solution is 
filtered, added to 20 c.c. potassium hydroxide solution, which is 
equivalent to 20 c.c. hydrochloric acid sp. gr. 1-124, in a suitable 
distillation flask. The solution is distilled and to the distillate 2 c.c. 
standard J^essler’s rtagept, diluted to 10 c.c.,*is aSded anJ the solution 
made up to 150 c.c. The colour ®f the solution is now matched to the 
colour <ibtaine<4 with a standard soktfion made ^ dissolving 0-038 147 g. 
ammonium chloride in i litre of water (w:.c. ~^o-oi mg. N). Three c.c 

> /. Iron 

® Ihi(Ly 1930, ii., 143. ^ 

^ Stahl u. Eisen, 1921, 41, 1449 ; Tro%emd Sml Infty 1922,!., 0 ^ 1 . 

^ Cf , H. Bx 9 ,vmtyJernhontoreit Ann,^ 1906, 59, 
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of this solution is used for comparison by treating with Nessler’s re- 
agent and diluting to the same colour intensity as the distillate. The 
nitrogen content is calculated from the relative volumes. 

Volumetric Method} Five grams of the steel is placed in a round 
bcrttomed flask of about 250 c.c. capacity fitted with a dropping funnel, 
condenser, and bubble U-tube by means of glass connections and -ground 
glass^joint (Fig. 14). About 10 c.c. hydrochloric acid sp. gr. i-i2 is 
placed in the bubble tube to seal the gas passage. Forty c.c. hydro- 
* chloric acid (sp. gr. 1-12) is introduced through the dropping funnel and 
the flask is gently warmed. The steel dissolves rapidly and the evolved 
gases pass through the water-cooled condenser and out through the 



bubble tuba Any vapours are condensed and returned to the flask 
from the condenser and any ammonia evolved is retained by the acid 
in the bubble tube. When the steel is completely dissolved^ all the 
nitride nitrogen remains as ammonium chloride in the flask, with the 
exception of traces of arrtm’onium chloride in the bubble tube. The 
contents of this tube and the flask are washed into the dropping funnel 
of the distilling flask. This flask (Fig. 15) has a capacity of about i litre 
and is connected to a^dropping funnel and condenser by a ground glaSs 
joint The condenser is afterwards connected with a suitabje receiver, 
containing N/ioo sulphuric acicf fbr the collection of the evolved 
ammonia. Fifty c.c. of sodium hySroxide sqjution, frte from^ nitrites 
and equivalent to the hydrodiloric acid used for making the solution, ’ 
300 c.c. waier and 10 c.c. alkaline permanganate solution (8 g. KMnO^, 
ibcfg, NaOH dissolved in litr§ water^, ^re placed in the distillation 
flask together with sipall coils pt lychrome wire to ensure quiet boilirigf. 

Hunim andP H. Fay, CAm, aAd iJaJ, 26, ai 8.* 
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This liquid is boiled until a part of it is distilled over. The receiver 
mentioned above, containing lo c.c. or a larger exactly measured 
amount of Njioo sulphuric acid, is now attached to the condenser, 
and the ferrous sulphate solution contained in the dropping funnel is 
gradually run down into the distilling flask. The boiling immediately 
accelerates as the liquid in the distilling flask gives off ammonia and 
hydrocarbon gases, and the ammonia, together with water vapour %iven 
off, begins to collect in the water-cooled condenser and runs down into 
the receiver. After a few minutes’ boiling, all the ammonia will have 
passed over and combined with the sulphuric acid. Violent boiling and 
detrimental shocks are apt to occur when distillation has proceeded for 
a certain time, and for this reason it is advisable to retain a smiall part 
of the ferrous solution in the dropping funnel instead of adding 411 of it 
to the distilling flask at the beginning. When the last drops of the 
ferrous solution are added to the distilling flask, the further evolutiop 
of gas revives the boiling of the alkaline liquid and prevents accidents. 
Distillation is continued until about 50 c.c. has been collected in the 
receiver, and the distillate, containing all the ammonia as ammonium 
sulphate is poured into a beaker. Four c.c. of a 5 per cent, solution of 
potassium iodide and 2 c.c. of a 5 per cent, solution of potassium iodate 
in water are added, and the liberated iodine is titrated with Njioo 
sodium thiosulphate, made by dissolving 2-5 g. of crystallised sodium 
thiosulphate in pure water and diluting to i litre. The sulphuric acid 
as used in the receiver, is valued by taking 10 c.c. or exactly the amount 
used in the receiver, the same amounts of iodide and iodate are added, 
the liberated iodine titrated with sodium thiosulphate solution. The 
difference between the two values obtained represents the amount of 
sulphuric acid equivalent to the ammonia absorbed, according to the 
equation : — 

SKI + KJ0,+ 3 H,S 04 - 3K,S04 + 3H,0 + 3l2- 

The above method is a modification of that used by J. H. Paterson 
and H. Blair, ^ and differs in the deternlination of the excess acid 
iodometrically. This obviates the necessity of using methyl orange or 
methyl red as indicator, both of these being distinctly unsatisfactory 
w4th dilute solutions such as are employed. 

Slag -J^o trustw5rthy,method is knqwn for determining* the enclosed 

slag in iron or steel ; the followiwgifairly satisfactory method has been 
worked out -by^ggertz. From 2 to 5 g. of th^ sample is placed in a 
.beaker with five times tire weight of iodine, ai^d the same amount of 
water, the whole coolgji in ice, and stirred until the iron Jia? dissolved. 
TJie liquid is then diluted, alldWqjJ to settle, and decanted through a 
filter : the residue is treated with very* (Klute .hydrochloric afid, filtered, 

^ Soc. Jnd.i 1919 , 38 * 3 ^ 8 /^ ^ 
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•thoroughly washed, ignited, and weighed. The carbon is thus burnt off 
and the slag left behind. If the iron contains much combined silicon 
there will be an admixture of silica in the residue, which is removed by 
digesting it in a platinum vessel, before igniting, first with concentrated 
aijd then with dilute sodium carbonate solution.^ 

Combustion of the sample in chlorine, free from hydrochloric acid 
Snd (jxygen, may be used for the volatilisation of iron, etc., as chlorides ; 
the residue is then examined for slag. 
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By C. O. Bannister, M.Eng., A.R.S.M., F.I.C., Professor of Metallurgy, 
University of Liverpool ; and GEORGE Patchin, A.R.S.M., Principal 

and Head of the Metallurgy Uepartmenf, the Sir John Cass Technical Institute, 
London. 

The dry metallurgical assays described in this section are restricted to 
those used for silver, gold, lead, and tin. The dry methods for silver 
and gold are as rapid and as accurate as the ordinary methods of analysis. 

The chemical examination of ores, works’ products, and metals is. 
usually preceded by some mechanical treatment, in order to obtain 
a true average .sample, and to prepare the sample for the assay. 

Preparation of the Sample * 

In addition to the various types of grinding tipparatus described in 
Vol. I., pp. 12 ct seq.y the following may be mentioned ; — 

Fig. 1 6, a cast iron mortar and an iron pestle with a wooden handle 
about 4 feet long. 

Fig. 17, a bucking plate with heavy bucking hammer. 

Fig. 18, combined mortar &nd pulveriser. 

For the fine grinding of hard ore samples, a set of small cast iron 
rolls or a disc grinder is often used, the groujid material being received 
in a wooden or metal receptacle. 

Malleable particles, such as metals, silvei glance, hornsilver, left 
behind on« sieving pulverised ores, slags, sweeps, etc., must be kept 
separate, and their Weig|jit and proportion tp tht total v?cight of the 
sample noted. These may eithei be assayed separately* or a pro- 
portion^ anaougt may be added to ijje sieved sample taken for analysis 
,(f/C Assay of Sweep, p. 13*2). , * 

Estimation of Moisture. The moisture in powdered ore samples must ' 
first be jletermined,a? they oome frt)m th^ epneentrating floors. Up f» ' 
1 % of the powdered ore is vntfiglJed Into pnp pf a series o[ sheet ir<w 
tftys and kept at a tejnperature got fhuefi ove^*io6®, the contents being* 
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ftirred with an iron spatula, until a glass plate, placed on the sample 
for about a minute, no longer shows a deposition of moisture, and two 
successive weighings agree. The dried samples are then transferred 



Fia. 17. 



Fio. 18. 


cither to bottles, sheet iron boxes, or to 
paper packets. 

In some English works exactly i lb. 
of the sample, powdered to pass through 
a sieve of yV ^*^ch mesh, is gentry heated 
in a^n iron tray or^an.* When a cold glass 
plate 04 polished brass weight* indicates 
that tl^are is no further evolution o-f mois- 
tiye, the whole is^’weighed and the result 
g ' • , expressed in grains per seven thousand. 

" # All samples should be i;#&ined f<n several months, or, at a^iy rat§, 
Until all qugstioits relating ^o safe or ptirchase have been settled. ‘ If 
the powdered sampled ar^ sent^ by ^ost; or rail, sojtbat they are shakal 



Pio. 16. 
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in transit, the constituents may become separated owing to thefr 
different specific gravities. The whole sample should then be turned 
out on to a sheet of paper and thoroughly re-mixed before weighing 
out the portion for analysis ; if this is not done, serious errors may 
result. 


The Sampling of Metals and of Alloys • 

f 

The sampling of metals and of alloys may be effected by the 
dipping and granulation method. , 

Portions of the ingots or plates, or whole ingots of the noble 
metals, are melted in a graphite crucible in a wind-furnace, the metal 
being covered with charcoal ; the whole is stirred with an iroi^ rod, or 
better, with a piece of fire-clay (Salamander rod), and a sample is 
taken by dipping with an iron spoon, coated with fire-clay, or by 
means of a charcoal rod, in which a suitable hole has been cut. This 
sample is then poured in a thin stream into an iron bucket containing^ 
water, the water being agitated by means of a bundle of twigs. 
When the small portion is removed by the charcoal sampler, the usual 
practice consists of flattening out the metal after it has solidified. 

This method is unsuitable for zinc alloys on account of the unavoid- 
able loss of zinc through volatilisation. 


The ingot method of sampling is more convenient and more 
frequently employed than the granulation method. In taking the 



sample, however, it is necessary to realise the^ possibility of 
segregation having taken place during the solidification of the 
metal, and to select that part of the ingot which would show* 
an average amount of segregation. Samples are taken from 
filed or chisel-dressed portions of ingots or plates by means 
of drills or a hollow punch (Fig. 19), the pieces being taken 
from the upper and under surfaces, and from opposite upper 
and lower eJges or ^corners and mixed together, or approxi- 
mately equal quantities of each may be weighed. In asce»tain- 
ing the fineness of ingots of noble metals, the samples from 


Fio.19. various parts are assayed separately and the mean result taken 
(Ja^nai jjjg samples are melted together for subsequent granulation. 
» . Punch samples are flattened out on a polished anvfl, with a 

polished steel hammer, (jr by means of a smqll rolling mill (Fig. 20), but 
drillings should be suflficiently fyif to require no further trefitment. * 
Brqnzes rich in tin, samples o^'^bearing metals, etc., which need to 
be reduced to drilling:?, etc., for analysis, art; often handed to the 
'analyst in the form of small compact pieces, w'hich canpot Jie sampled 
either by filing or, ffy drilling.. Sfnall places may then be tut off, with 
a cold chisel, the material being placed for t^e purpose on a bronze or 
copper plate. The qhips may be flatte»ied,'as far as possible, with a hammep 
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« T««To+<i blocks, or large pieces of alloys that are not homogeneous 
L S'Xntoony alloys, and white .aeWs) should be dthled 
through at a point about one third of the distance from the two edges 





bl the top, with a small (Jrill, the fine borings bein| thoroughly mixed. 
If^ amoflnt of drillings is Klhsiderabler s^, from ^number of 
Ti-Miull ingot is produced hjy mekihg fiiesirillings together under palm^ 
oil* and ca^stmg in an -iron mould, Whic)i is then ^^mpled J^y dnlhng, 

n. . • 
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or the molten mass may be poured on to a cold, clean, iron plate, arid 
samples subsequently cut from different parts with a pair of shears. 

In lead-antimony alloys, according to H. Nissenson and P. Siedler,^ 
a diagonal saw-cut through a block of the alloy gives the most satis- 
factory sample. The sample is well mixed, reduced, and sieved,^ the 
larger particles, rich in lead, and the fine particles, rich in antimony, 
are separately analysed and the results adjusted. In a block pf hard 
lead, the antimony in the upper portion was found to be 21-64 per 
cent, in the middle 19-98 per cent, and in the lower portion i2-o8 per 
cent ; by the method of sampling and analysis described, the mean 
result obtained was 18-31 per cent j 

In sampling argentiferous lead, the procedure depends on the 
amount of silver present For pigs or bars containing up to 20 oz. 
of silver per ton, chips are cut from the top and bottom of a proportion 
of the consignment or of every bar with a chisel, all the chips are 
melted together, and a small bar is cast, from which the sample is 
taken. Pigs containing between 20 and 200 oz. of silver per ton are 
best sampled by means of a circular saw, the sawings from a diagonal 
cut across the pigs being collected, melted down, and cast as above. 
When the lead contains over 200 oz. of silver to the ton, or whenever 
I oz. of gold is pre£,?nt, it is necessary to melt down the whole 
consignment and to take a dip sample. 

Samples of zinc slabs are generally taken by means of a circular 
saw, and the volume of a definite weight of sawings is a useful indication 
of the purity of the metal ; impure metal gives short l^rittle sawdust, 
and pure metal a long shaggy product. » 

All brittle alloys and materials may be crushed and sieved for 
sampling, exactly like ores. 

Impurities in Samples, 

Particles of iron are removed by spreading the saniple on paper 
and passing a strong horse-shoe magnet through it. 

If the drillings are made by a mechanic, it is necessary to see that 
neither oil nor any soapy material is used for lubricating purposes ; the 
drillings should be received on a sheet of paper. 

^ Samples delivered to the laboratory in the form of drillings must 
always be looked upon with suspicion. In ironcand sted the presence 
of pieces* of other metals can^bp detected” by the colour ; these must 
either be picked out or evenly distributed. The presence of oil, etc. 
can be detected by the vapour evolved, or by the odour produced, on 
‘ heating in a test tube ; in addition, dirt, Sand, wood splinters, and 
paper are often jjresent. TJie drilling^ can be cleaned *by trea^ng 
them in a beaker with chlo^ofofm, etber, or benzene, which is allowed 

^ Bergu, Hasten, ZeiU^ iQOSi 64, 42^' ; Jl Chem. 1903, 22, 1246, 



WEIGHING 


tft remain in contact with them for ten minutes, and then well stirred 
for one or two minutes, the coloured and dirty liquid poured off, and 
the drillings again treated with fresh solvent ; finally, they are washed 
twice with absolute alcohol and dried rapidly in a shallow porcelain 
dish on the water-bath. After removing any iron from non-ferrous 
samples by means of a magnet, the fine material and sand are sieved out 
* Filings should only be made with a perfectly clean or new file. 
Some metals and alloys rapidly foul the file and may be more 
conveniently sampled by means of a hack saw. 

Weighing 

For weighing out ores, etc., for analysis, any sufficiently delicate 
balance may be used. In assay laboratories, a simple quick-arrest ore 
balance (Figs. 21 and 22), provid^ed with removable nickel pans, and 



• • • 

sensitive to i mg., with a load o£«5o g., is used. A jiorn oi^ metal 
scoop with a correspondfng balance weight is convenient for transferring 
the weighed* sag! pie to the vessel in which it will be treated and obviates* 
thm use of removable balance«pans or^comateSrpoisecTwatch glassejs. ^ 
For weighing noble mj2t;als amf theV ^Hoys, assay balances (Fig. 23) 
^re employed, which afe sensitive tef o-o^ to o-oi mg.^with ajoad of 2 g! 
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SILVER 

The materials which have to be assayed for their value in silver 
incltide the following : — Silver-bearing ores, metallurgical products 
(sych as furnace lead, products of the desilverisation of lead, skimmings, 
lithargfc, test-hearth material, lead and copper mattes, speiss, scoriae, 
flue-dust, slags, blister copper, crude silver, refined silver), silver- 
bearing solutions, cement silver, silver sulphide, amalgams, and 
residues from amalgamation and other extraction processes, silver 
alloys and sweeps from their manufacture, silver-plated goods, plating 
liquors, etc. 

The dry method of assay is to be recommended for most of these ; 
the wet method is employed for silver itself (crude and refined silver, 
bar, silver), silver alloys, such as bullion, etc., solutions and silver 
baths, the strength of which can be accurately determined by 
precipitation or by titration. Occasionally the wet and dry methods 
are combined. 


Silver Ores. 

The most important silver minerals occurring in ores are : — 


Mineral. 


Per Cent. Silver, 


Native SMver^ with not infrequently small quantities of 


gold, mercury, copper, iron, arsenic, and antimony 
Antimonial silver or dyscrasite . . . , up to 94 

Argentite Qx silver glance^ . . . . .87*1 

Polybasitc^ 9(CuAg)2S, (SbAs)2S3 . . . . .72 

Stephanite^ SAggS, Sb2S3 . . . . . .68 

Pyrargyrite^ SAggS, SbgSs ...... 59^8 

Miargyrite, AggS, SbgSg . . . . • . . 37-2 

Proustilef sAggS, AsgSg ....... 65*5 

uStromeyerile^ or silver copper glance, Cu^S, • . *53 

Freieslebenite, 5(PbAg2)S, 2S1?2S3 . . . . *23 

Silver amalgams . * . . . . . up to 95 

Kerargyriie, or horn silver, AgCl . . . . . 72-5 

Bromite, AgBr ....... 57*4 

Mmbolite, which includes isomorphous mixtures of chloride • 

and tfromide of silvgr, varying in composition from 
A^g^C^ + SAgBr to AgBr+sAgCl . . , up tOi^o 

lodite, Agl . , 46 

Hessiie, ^ ^ . 6i* 

Tetrahedrite, or fahl org, which* is a mixture of antimony 
or drsenic sulphide, or both, with sulphides of silver, 


copper, zinc, iron, or mot Airy, and which tnay con&Jp 
from a fraction of i per cea^tf. up*to ^ per cent, of 
Stives’. When azitiiftony%.mi arsenic are both present, 
the sllvier seldom mx^nmis to i per cdnt.^ • * 
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A considerable proportion of the silver produced is obtained from 
argentiferous galena and other lead and copper ores, and not from 
silver ores proper. 

Dry Methods of Silver Assay 
The dry methods of silver assay consist in dissolving out the silVer 
(and gold) by means of pure lead by fusion, the lead button obtained 
being subsequently cupelled. Two methods are in use for producing 
the lead button, viz., scorification and the pot or crucible methods. 

I, — Dry Assay for Ores, etc. (excluding silver alloys) 


I. The Extraction with Lead. 


(a) Scorification. — The process is carried out in a muffle furnace, 
heated with coal, coke or gas (or with benzine, petroleum, etc.), and 
connected with a chimney. In many assay offices gas muffles are 



exclusively employed for scorifications 
and cupellations ; the advantages are 
cleanliness and exact regulation of 
temperature, with consequently smaller 
silver losses in the assay, A portable 
form of muffle furnace for coal or coke 
is shown in Fig. 24. • 

Manipulation, Usually from 4 to, 
5 g. of the finely powdered sample is 
weighed out on a balance such as that 
shown in Fig. 21, p. 99; a smaller 
quantity of materials rich in silver may 
be taken, and from three to five times 
as much of very poor material, but 
correspondingly large scorifiers must 
then be used. 

One half of the necessary quantity 
of finely granulated assay lead is well 
mixed with the^powderfl,in a scorifier, 
the retnaincter is evenly spread on the 
and finally, if necessary, a little 
boi%x is addfd. If much silica . is 


.present in the ore, slagging will be'* facilitated by an addition of 
litharge, free from «lver or^of^knqwn silver content. * . ^ 

« When less tKan 30 oz. p{ eilvgr per ton is present it is usual 
.to weigh out three lots anS to c^rty. (Wt* thr?e scorifioations j with 
a content ‘of more* than 3CJ oi. per ton, siJc •^scorifications should be" 
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made, the actual result being taken from the mean weight of all the 
silver beads, weighed separately. If the approximate silver content of 
the material to be assayed is not known, a preliminary test is made. 
This method of working is founded on the fact that the distribution of 
silver in rich ores is not uniform. 

^ The quantity of assay lead required depends on the character of the 
material. Pure lead ores require only six times their weight of lead; 
the same holds good for hard-lead. 

• Materials containing fair amounts of iron and zinc require consider- 
ably more lead, from ten to fifteen times the weight of the ore taken ; 
those containing much copper, nickel, or tin require up to thirty times 
their weight. Similarly, the quantity of borax needed varies; as this 
must be anhydrous it is advisable to use powdered borax glass. It 
is used to increase the fluidity of the slags in materials containing 
much gangue and metallic oxides difficultly soluble in lead oxide, 

• and it should be added in small quantities from time to time, as 
required. 

The following table will be a useful guide to the amount of lead 
and fluxes necessary with different classes of ores and materials : — 


t 


Matorinl. 

Amount 

taken. 

Lead. 

Flux (Borax Glass). 

• 

g- 

g. 

g. 

Siliceous ores 

5 

60 

0-5 

Ferruginous ores 

r> 

50 

2-0 

Pyritic ores 

5 

70 

I'O 

Cupreous ores . 

5 

80 

1-0 

Antimonial ores 

3 

80 

f 1 *0 Borax 
\ 1*0 Sod carb. 

Stanniferous ores 

3 

60 

/ 2*0 Borax 

• 

\ 4*0 Sod. carb. 

Lead speiss 

5 

CO 

1*0 

BlenSe ..... 

5 

• 70 

1*0 

Slags .... 

5 

60 

1*0 

Brass and bronze 

3 

100 

1*3 

German silver . 

• ^ 

110 

1*5 

Copper . . . .• 

3 

60 

0*3 


The scorif ers (Fi^, 25) are made of best fireclay, and musf withstand 
sudden changes of temperature land, to a certliin * 
extent, the t:orrosive action of moltefl fead oxide. 

The size of scorifiers ^sed is governed by ^e 
size of the muffle, as •it is Mesirable to make 
as many § 5 orifications as pogsible at one time. ^ 25 

if it is desired to mark tliem, red I’uddle may 
be used, with which they taj^ markeS* on the outer surface with 
tmmbers or streaks. .T 4 xe scori^ers,* whh conteftts, ar^ placed, by 
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means of the tongs (Fig. 26) in the muffle, which should be at 
a bright red heat, and the door is dosed. 

A high temperature is especially necessary during the first or 
heating-up period if the material contains iron, zinc, tin, copper, or 
nickel and cobalt. After ten to fifteen minutes, the scorifiers have 
attained a bright red heat, the contents are molten, lead fumes a^e 
copiously given off, and a ring of molten slag rich in litharge appears ; 
the muffle is then opened to admit air. During this second, or slagging, 
period, the current of air, passing continuously through the muffle,* 
rapidly oxidises the material in the scorifiers; this oxidation is^ partly 
direct and partly brought about by the lead oxide, which acts on the 
undecomposed metallic compounds. Sulphur and arsenic are to\a great 
extent volatilised, the metallic oxides and the gangue dissolve gradually 
in the molten litharge, slag and borax, and the noble metals are 
retained by the lead, which may also take up certain quantities ^of 
copper, tin, bismuth, iron, arsenic and antimony. While scorification * 
is proceeding, the temperature of the muffle is somewhat lowered. 
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As scorification progresses, the slag ring gradually encroaches more 
and more on the surface of the lead button, until ultimately it closes 
completely over it. The muffle is then again closed, the temperature 
raised, so that the contents of the scorifier may become thinly fluid, 
and a small quantity (o-i g.) of powdered anthracite is sprinkled over 
the surface; this reduces a little lead, which in turn cleans the slag, 
carrying the precious metals mto the main button. After a further ten 
to fifteen minutes, the scorifiers are removed by the aid of scofifier 
tongs (Fig. 26) and the contents poured into moulds (Fig. 32, p. 109), 
which have been black-leaded and warmed. 

When cold, the slag is removed from the lead button by ham^mering 
dh an anvil, the lead beaten into the form of a cube, the edges and 
corners bejng blunted b)» gentle blows,cand the cube cleaned by brush- 
ing. Should the lead appear to feff brittle, owing to the presence of an 
appreciable ampunt of arsenic or 5 »timony, it ^hould not be directly 
u:upelled {cf. Cupellation, pp. 1 10 et seq )} ; it ifi' better, in such cases, 
to scorify again wi^h an equal ^weight, or double the Yeight, of 
assay lead. * i « ^* •« • 

^ Lead buttons weighing Acre tlia\ jo.g;, should preferably be 
rosoorified io correspondingly small ‘scorifiers, as ‘the unavoidable lci»s» 
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0f ^silver on cnpellation is then less than if directly cupelled, jf/ 
however, scorification is carried to an excessive point, too much lead 
oxidises and silver and gold pass into the slag. 

If the material under treatment is so poor in silver that only a very 
siirtill silver bead is obtainable from one lead button, concentration is 
rgsorted to, ue,^ the lead buttons from several scorifications are rescori- 
fied together, and this may be repeated until the silver, from a very 
considerable quantity of ore, has been collected into two lead buttons, 
•each weighing 25 g. to 30 g. This is the method adopted, for example, 
with blister copper and other materials, usually very poor in silver. 

(b) The Pot or Crucible Assay. — In this method the silver and 
gold from a large quantity of ore is collected in a lead button in one 
fusion and the button then cupelled. The method is particularly 
suitable for ores containing tellurium or horn silver, and also for very 
popr ores, slags, tailings and various residues and sweeps, especially 
when they contain carbonaceous material. 
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Tolerably smooth fireclay crucibles are employed for the fusion. 
The mixture of ore, etc., with litharge or red lead, fluxes, and reducing 
agent, generally with a piece of hoop iron also, is put into the crucible, 
and fused uptil the fusion is tranquil in a wind-furnace heated with 
charcoal qr coke, the temperature being gradually raised, sometimes a 
gas- or oil-furnace is used. The silver content of the litharge or red 
leacf^must be taken into account and may easily be determined by 
fusing 100 g. of lead oxide With i*5 g. charcoal powder and cupelling 
the resulting lead button. 

Thq lead oxide decomposes any metallic sulphides, etc., and the 
metallic lea^, reduced by the carbonaceous matter and’ sulphide! 
collects the silver ancl gold, 

Materials rich in sulphur, arsenic, tintimony, or zinc, are preferably 
first roasted on roasting dishes or 4fays (Fig. j?7), as otherwise appreci- 
able quantities of silver, may |?ass into the slag. 

It is t\pt possible to specify a fusion ^ixture^equally suitable for 
all samples, although the following mixture will frequently be found 
satisfactoryiff 25 g, ore, 30 g. ^oydTum cartfdnate, 40 g. red lead, and 1*5 g. 
tihafeoal are mixed in a mortar or on a mixing cloth and tisansferred to 

# • • ^ I; " 
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a sufficiently large crucible and lo g. of powdered borax glass put bn 
the top. A piece of hoop iron is then inserted, the crucible covered 
with a lid and placed in the wind-furnace. 

The heating must be gentle for the first quarter of an hour to 
produce incipient fusion or “ fritting,” otherwise the litharge is liable 
to melt and run down to the bottom of the charge, leaving the precious 
metals behind and causing a heavier loss in the slag. The damper is 
then drawn and the heating continued for about twenty minutes or 
until the fusions are tranquil. The iron strips are then removed, the * 
crucibles withdrawn from the furnace with bent-nosed tongs, and the 
contents poured into moulds as before. After cooling, the lead buttons 
are removed, freed from slag by hammering, and brushed ready for 
cupellation {cf, Cupellation, pp. \io et seq^. In some laboratories the 
crucible fusions are carried out in* specially designed large muffle 
furnaces. • 

On mines where a large number of assays have to be made on the • 
same class of material, it is usual to prepare a stock of mixed fluxes, 
made up in proportions to suit the character of the ore, but in many 
laboratories the nature of the ores to be assayed varies constantly, and 
the fluxes should then Ipe made up specially. The following charges, 
given in grams and assay ton weights,^ will be found useful : — 


Table of Charges for the Dry Assay of Silver Ores in Grams. 




Siliceous. 

Basic. 

♦ 

Pyritic. 

• 

CnprifoTOUB 

I'yritic. 

Ore .... 


26 

25 

25 

20 

Red lead . 


30 

30 

40 

60 

Charcoal . 


1-5 

2 to 3 

I 


Sodium carbonate . 


40 

20 

30 ! 

26 

Borax 


5 

20 


20 

Sand 

* « 

% 

5 

1 IS 1 

• ... 


Table of Charges for the Dry Assay of Silver Ores ^ 
in Assay Tons.* 


t • 

Siliceous. 

Basic. 

Pyrltic. 

Cupriferous 

Pfritio. 

• 

Ore. •*, • 

Red lead . * , 

^ Charcoal .... 
Sod iunf carbonates . 

Borax .... 

• Sand .... 

a- 

• 1*0 

1*0 • 1 

0-05 

• 

0-2 

•1*0 

\ 1*0 
• 0-06 to 0*1 
• 0-76 

0J5 

0*2 

• • 

1-0 

1*25 

• i-0 

0*5 

• 

• 

0*6 . 

• 2*0 

0*6 

0*6 

• ••• 

, — 0 — 


^ ^ ^ P • — 

• \Note ^, — Charges for ores containing sti^^nite^ arsenical pyrites, cassiteiite, telluridcs, 
are given under ** Gold,** pp. 133 et ^ • * 0 


explanatio|i of assay ton weights?^ p. 1 12. 
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With poor quartzose or similar material, up to 500 g. is taken for 
each melt. A good mixture consists of anhydrous sodium carbonate 
(one and a quarter to twice the weight of ore), 30 g. of red lead and 
1.5 g. of powdered charcoal. The mixture is added gradually from a 
nfetal scoop (Fig. 28), or in a number of paper packets to avoid loss by 
foaming during the fusion, and borax, up to 25 per cent, of the weight 
of ore, is added, little by little. When the material contains an 
excessive amount of iron, more charcoal is needed for reducing ferric 
to ferrous oxide ; otherwise none would be available for producing 
lead. Further, it is advantageous to sprinkle a mixture of litharge and 
argol (or a little granulated lead) on the tranquil surface of the fusion. 

In the assay of lead slags (using 50 g. or more of material) with 
more protracted fusion with sodium carbonate, borax and argol, 
granulated lead is added, or may be sprinkled over the surface after 
fusion. 

Rich lead ores are often assayed in thick wrought iron crucibles 
{cf. Lead assay, pp. 224 et seq^^ and the lead button obtained is used 
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for the silver determination. In assaying poor lead ores from 15 to 
20 g. of litharge is added to the ore and the whole treated as a silver 
ore by fusing with the flux and charcoal. The results of the pot assay 
are usually slightly higher than those obtained by scorification. 

The residues fVom zinc distillation, which contain silver and lead, 
and as mgch as 30 per cent, of unburnt coal, may be treated as 
follows Twenty grams of the coarsely powdered material is mixed 
with SO g. •of a mixture, containing 80 per cent, of potassium nitrate 
an<y 20 per cent, of sodium peroxide. The whole is introduced in 
quantities of from 3 or 4 *at a time, into an iron crucible previously 
heated to redness, using an iron spatula. As soon as the first violent 
reaction is over, the crucible is put into a furnace and 60 g. of flux 
(consisting ^of fourteen parts of anhydrous sodium carb6nate, eigfit 
p^rts of borax glass and twQ parts of argpol) is added and heating 
continued*until the fusion is tranqifil^ the charge is then poured into 
a warm iron mould (lyg. 32), and^tlie cleanec^. button cypelled.« 

Details of laboratgry crtiCible and muffle furnaces, together wijh* 
specificatibnst have been giyen hy^ G. T.^ Hollo\j;ay.‘^ These furnaces 
Sre shown in Figs. 29, 30 albd 31. \ * * 

* Sander, Z, on/ftw^cLmT^ 1^02, aSt 3* ; /• ^oc. Ckem. /ndj 190a, 21, 19J. 

® /ftsi. Mint iOid 1906-7, iC, 3^1. • * • 
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^;jBaE,TH ACTION WITH LEAD , JO^ 

• In the assay of very rich ores, a notable amount of silver passes 
into the slag which must be re-treated after the lead buttons have been 
removed by hammering. ‘The re-treatment consists in roughly 
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crushing the slag, mixing with a charge of borax, argol and litharge 
and fusing in the same crucible. If the lead buttons from the main 



Fio. ».m 

• 

assay and the ^slag cleatiing do not give a total weight of more than* 
3ft g, they may be cupelkd on the «aifie cupdl* If, however, the 
imaterials under investigation a»e pobr, the loss of silver in the slag ?s 
liegligible, * 
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2. Cupellation. 

The separation of silver and any accompanying gold from the lead 
obtained by scorification or in the pot assay is effected by oxidation 
of the base metal, on a cupel made of bone-ash, magnesia, or similar 
porous mixture (Fig. 33), at a bright red heat in a muffle furnace. 
As litharge is fluid at the temperature of cupellation the porous 
refractory cupel gradually absorbs the lead oxide formed, and finally 
a bright button of silver remains behind. 

The burnt bone-ash, used for making cupels, is ground and sieved • 
to about the fineness of wheat meal. After moistening with a little 



Fkj. 84. 


water, containing 2 p*er cent* of potassium carbonate, the bone-ash is 
shaped to the requisite form in a cupel mould, preferably of brags or 
gun metal. The cupels are kept on shelyes in the furnace room and 
are thoroughly air-dried ; they should be* kept for several months 
before use. Cupels can also be made by means of a mechanical press 
<(Fig. 34).. Many brands of manufactured cupels such as Marganite 
and Mabor cupels are now on the market, and are largely used by 
assayers. *• “ * 

The^ ordinary cupel holds from# 20 to 40 g. of lead, and is capable 
^of absorbing al! the leacf oxide profluced from «this ; larger cupels are 
Sometimes employed, for instance, for lead containing but liftle silver. 

Manipulation. .The cupfcls.are»first gr^idually heated in 4 he muffle, 
a order to drive off moistuj^ afld oqfbon dioxide completely. Th^ 
i^ottld'be i)laced ^eU back in the muffld*, in bna or more Tows, before 
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lighting op, and should be kept at a bright red heat for at least a 
quarter of an hour before use ; otherwise the lead may spit on melting , 
down on the cupel and so spoil the whole series. 

After a thorough heating, the cupels are drawn forward, with iron 
tongs, and arranged in rows on the bottom of the muffle. The lead 
buttons, brushed, and blunted on the edges and corners, are carefully 
ttansferred to the cupels by means of the bent-nosed cupel tongs 
(Fig. 35), the front row being supplied first. 

, The muffle is then closed and the lead allowed to melt, when a dark 
skin first forms on the surface. As soon as this disappears and the 
molten lead, which acquires a bright convex surface, begins to give off 
lead fume, the muffle door is opened somewhat and cupellation 
proper commences. 

The oxidation takes place rapidly. Drops of molten litharge form 
and, floating over the surface of the lead, are absorbed by the porous 
ctfpels. If the temperature is not too high, the lead smoke curls 
upwards and may produce a dark red crystalline and leafy deposit 
of litharge on the inner edges of the cupels (this deposit is yellow when 
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cold). At the same time, the drops of litharge on the convex surface 
of the lead unite together, forming a litharge edging to the lead. 

When the mufHe temperature is too high, this is indicated by the 
smoke rising vertically and no litharge ring referred to above will be 
formed. If the temperature is too low, the lead smoke keeps low over 
the cupels, which themselves appear somewhat dull ; the temperature 
must then be immediately raised, otherwise “ freezing ” may take place. 

I As cupellation proceeds, the litharge drops gradually increase, 
and the fusing point of the alloy rises it becomes richer in silver. 
Th^ temperature becomes lowered by the continuous current of air 
passing into the muffle, so tlje door should be closed, and the tempera- 
ture increased. Finally, tHe litharge drops disappear from the lead, as 
it gets smaller and smaller, a revolving iridescent skin of oxide is 
noticed* for a short time, if the bead be not very small^ and the# 
suddenly theibead ** brightens.’’ • 

•Cupels, containing veVy snTall gilver beacis, weighing cfnly a few 
milligrams* may be removed from* tfie muffle immediately after the 
beads have brighteneck; with larger beads, hawever, tWfe cupels should 
be gradually drawn for^^ard, to allow the silver to set slowly. If thi^ 
not done, tTiere is a danger of siiver^ bding losb^through “spitting” 
of the bead, owieg to the suddg« e^ap^ of absorbed oxygen *throu^ 
;,the prematflrely formed ^o^licf crus# Objectionable spitting takes plaae^ 
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more frequently on bone than on Morganite or Mabor cupdtf 
, Beads, which have “ spat,” are often lighter than those which have nc^ 
and should not be taken into account in arriving at the result of the 
assay. . By covering the cupels with hot inverted cupels slow cooling 
can be ensured, even when they are immediately removed from the 
muffle. 

The small spherical beads and the larger hemispherical beads afe 
removed from the cupels by means of pliers, squeezed to remove 
adhering particles torn from the cupel, well brushed on the under side^ 
with a stiff prill brush, and placed on a sheet of lead about the size of 
a playing-card and provided with a number of small depressions. The 
upper surface of beads from a thoroughly satisfactory cupella!|tion is 
bright and of a whitish colour, the under side matt and silver+white. 
If “brightening" has taken place at too low a temperature in contact 
with litharge, the bead is matt and yellowish on its upper surface, 
owing to the presence of a thin film of oxide of lead ; such beads are 
too heavy and must be rejected or re-cupelled with a small quantity* 
of assay lead. 

The beads never consist of absolutely pure silver ; they contain 
from 0-2 to 0-3 per cent, of lead, with traces of copper. These 
impurities serve, to a ce*tain extent, to compensate for the unavoidable 
loss of silver during cupellation. 

Any gold and platinum contained in the material assayed is 
collected quantitatively in the silver bead and is determined therein 

Gold, p. 13s). • 

The beads are weighed on a delicate assay Ijalance (Fig. 23, p. 100). • 

When many assays of silver or gold ores have to be made, it is 
usual to work with “ Assay Ton ” weights. Since there are 32,666-6 oz. 
troy in a ton of 2240 lb., if the .standard weight be made 32-66 g., each 
milligram of silver or gold obtained from this quantity will be 
equivalent to i oz. pet ton. ,In the case of the short ton of 2000 lb., 
now largely used in many countries, the assay ton weight = 29-16 c. 

Whenever these special weights are not used, the percentage value 
is first obtained, and from this the ounces,*etc., per long or short ton 
can readily be calculated from the table on p. 1 13. 

% The iqjlividual beads obtained in assaying argentiferous lead ores 
usually agree well with each other in weight, but.those fr«m silver ores 
proper (especially native'silver, silver glance ‘or horn silver^ frequently 
show appreciable variations, on *a<yount of the uneven distribution of 
tfte silver in thfe ore. Il» is then nefiessary to c»rry out a considerable 
dumber of assays and take the mean! Loss of silver pccurs to a 
certain extent durkig slagging, is both.^e scorification and the opt 
issay. But the losses during ^gipellatign are much greater, as silve^ 
carried into the cui»l along with ihe* litharge, .especially when verv 
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^rous cupels are used'; further, some silver volatilises along with the 
lead. It is to be noted that if finished assays are left too long in the 
muffle, volatilisation of silver may take place. 

When very great accuracy is desired in the assaying of ores, etc., 
the, cupels are broken up and powdered and the lead reduced and 
cupelled {cf. Gold, p. 134); in this way most of the silver, etc., is 
recovered in the form of a weighable bead. 

The silver in impure silver precipitates (chloride, iodide, or sulphide), 
dfiuch as are obtained in the extraction of low grade ores, burnt 
pyrites, etc,, is best determined by scorification with lead, followed by 
cupellation of the button so obtained. 


Table for computing the Troy Weight of Gold or Silver 
per Long and Short Ton. 


• 

• 

Per cent. 

Per ton of 

2240 lb. 

Per ton of 

2000 lb. 

. 

Per cent. 

Per ton of 

2240 lb. 

Per ton of 

2000 lb. 


oz. 

dwt. 

gr. 

oz. 

dwt. 

gr. 


oz. 

dwt. 

gr. 

oz. 

dwt. 

gr. 

0*0001 



16 



14 

0*06 

19 

12 

0 

17 

10 

0 

0-0002 


1 

7 


i 

4 

0*07 

22 

17 

8 

20 

8 

9 

0*0003 


1 

23 


1 

18 

0-08 

26 

2 

16 

23 

6 

17 

0*0004 


2 

15 


2 

8 

0-09 


8 

0 

26 

5 

0 

0-0005 


3 

6 


2 

22 

0*1 

32 

18 

8 

29 

8 

8 

0-0000 


3 

22 


3 

12 

0*2 

65 

6 

16 

58 

7 

0 

0-0007 


4 

14 


4 

2 

0*3 

98 

0 

0 

87 

10 

0 

0*0008 


5 

6 


4 

16 

0*4 

130 

13 

8 

116 

14 

0 

0*0009 


• 5 

21 


5 

6 

0-5 

163 

6 

16 

145 

17 

0 

0*001 


6 

13 


5 

20 

0*6 

196 

0 

0 

175 

0 

0 

0*002 


13 

2 


11 

16 

0 7 

228 

33 

8 

204 

4 

0 

0*003 

... 

19 

14 

^ ... 

17 

12 

0-8 

261 

6 

16 

233 

7 

0 

0-004 

1 

6 

3 

1 

3 

a 

0*9 

294 

0 

0 

262 

10 

0 

0-005 

1 

12 

16 

1 

9 

4 

1*0 

326 

13 

8 

291 

14 

0 

0-006 

1 

19 

5 

1 

15 

0 

2*0 

653 

6 

16 

583 

8 

0 

0*007 

2 

5 

IS 

2 

0 

20 

8*0 

980 

0 

0 

875 

2 

0 

0*008 

2 « 

12 

6 

2 

6 

16 

4*0 

1306 

13 

8 

1166 

16 

0 

0*009 

2 

18 

19 

2 

12 

12 

5*0 

1633 

f ^ 

16 

1458 

10 

0 

0-01 

• 8 

5 

8 

2 

18 

8 

6-0 • 

1960 

0 

0 

1750 

4 

0 

0^02 

6 * 

10 

16 

5 

16 

16 

7*0 

2286 

13 

8 

2041 

18 

0 

o-os 

9 

16 

0 

8 

15 

0 

80 

2613 

6 

16 

2833 

12 

0 

0*04 

13 

1 

8 

11 


8 

9*0 

2940 

0 

0 

2626 

6 

0 

0 06 

16 

6 

16 

14 

• 11 

16 

10*0 

3266 

13 

8 

2916 

14 

0 


Combined Lead and Silver Assay.— The silver content of litharge • 
scums, furnace hearth,* and otheg oxidised prcyiucls is detergnined by 
reducing the lead {c/. Lead assay, pf,4i2S et seq), and then •cupelling. 
The lead buttons obtained frong •galena bp fusion^ with sodium 
carbonate {cf. Lead ass^, p. *^324) are also cupelled to ascertain the^ 
silver content. • ^ 

^Plattner^s quantitative bfbwpipe*assSy ^ is of fecial importance 

} Mtmual of QuaHtmlwi and Qttfanikaidve Analysis \oiih tht Blowpipe^ Plattner. Englislip 
by H, B. Cornwall, 1992. * « ^ ^ 
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for prospectors; in sufficiently expert hands the method gives tolerably 
accurate results, working on small quantities of material (o*i g.). 

Combined Wet and Dry Silver Assay.— This method is par- 
ticularly suitable for ores, mattes and alloys containing large quantities 
of copper. From lo to 25 g- of the material to be assayed is treated 
with nitric acid, the whole heated until quite decomposed and taken 
up with water. A solution of 20 g. of lead acetate in water is tfien 
added, followed by a small quantity of sodium chloride solution to 
precipitate the silver and a portion of the lead present, while a further 
quantity of lead is frequently precipitated by the subsequent addition 
of sulphuric acid. The liquid is heated, then allowed to cool, fleered, 
and the residue and precipitate washed once with cold water. \ The 
filter paper and residue are dried, and the whole mixed with 25 g. of 
red lead, 20 g. of sodium carbonate, and i*5 g. of charcoal. This 
charge is run down in a clay crucible as usual with a piece of hoop iron 
inserted in the charge, and the lead button cupelled. * ^ 

Complete Analyses of silver minerals (ruby silver ore, silver glance, 
antimonial silver, stephanite, polybasite, tetrahedrite, etc.) are not 
required for technical purposes. If the silver only is to be determined, 
I g. of the powdered ore is dissolved in a mixture of nitric and tartaric 
acids (10 c.c. nitric to 2*g. tartaric acid), and the silver precipitated with 
hydrochloric acid. The precipitate is filtered off, washed with water 
containing a little nitric acid, until free from hydrochloric acid, and 
then dried in an air-bath. Fairly large quantities of ^silver chloride 
are weighed as such. The silver chloride is turned out on to glazed 
paper, the filter paper burnt, its ash transferred to a weighed porcelairf 
crucible, treated with a few drops of nitric acid and, subsequently, a 
drop or two of hydrochloric acid, while it is heated on a water-bath ; 
after the acid has been evaporated off, the bulk of the silver chloride is 
added, the crucible l^d put on, and the crucible heated till the chloride 
begins to melt. Should tke silver chloride amount tp *only a few 
milligrams or centigrams, however, the filter paper with the whole of 
the precipitate is dried, placed in a weighed Rose’s crucible, the paper 
burnt, the crucible lid put on, the chloride reduced by heating for ten 
minutes in a current of hydrogen or coal gas, and the resulting silver 
^ weighed.* 

Electrolytic Mbthqds^ for the estim^tiorf of silvtr in ores are 
seldom used. ^ » 

II.— The Assay# of Silver Alloys 

The poorer silver alloys are assayed in the dry way ; the dry assay 
is frequently used Jbr the jicher alloys, as a preliminary determination 
Joo ascertain the approximate silver confent previous to carrying^ut 
^the determination in the wetVay. 

* Of. Kiliani, Ber^u, ffutien, Zeit.^ ^$3, 42, 400. 
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A, Dry Assays 

1. Furnace Lead. — If not very impure, the crude lead, obtained in 
the smelting of lead ores, may be directly cupelled in quantities of 
from 20 to 50 g. Should the impurities be considerable, the lead is ^ 
first scorified with an equal or double weight of assay lead. Rich 
silver-lead is cupelled directly. Desilverised lead (soft lead) is cupelled 

in large cupels made to hold 100 g. of lead or first scorified in quantities 
^f 100 g. and upwards, and the lead button of about 30 cupelled, 

2. Hard Lead (antimonial lead) and the Mexican “ Pefioles** lead, 

rich in silver and containing a considerable amount of antimony and 
arsenic, is first scorified with double its weight of assay lead, and 
concentrated if necessary by further scorification, and the resulting 
button is cupelled. • 

j. Argentiferous Blister Copper and Refined Copper require to 
be* scorified with twenty times their weight of assay lead, and con- 
centrated previous to cupellation. 

4. Silver Amalgam. — Solid amalgam is heated very gradually on a 
cupel to a bright red heat in the course of an hour and a half, in a 
muffle, the cupel being covered with a second inverted cupel ; the 
residue is cupelled with from six to eight times its weight of assay lead. 

5. Zinc Skimmings, containing lead, zinc, and silver, from the 
Parkes desilverising process, are first scorified with sixteen times their 
weight of assay lead, and the button obtained is cupelled. 

The following combination of wet and dry methods is described 
loy L. Campredon.^ A representative sample of 25 g. weight is 
dissolved in a mixture of nitric and tartaric acids, the silver and a 
considerable quantity of lead precipitated with hydrochloric acid, and 
the washed and dried precipitate fused with the addition of 20 g. of 
* litharge and the necessary flux ; the button of lead thus obtained is 
cupelled. * . • 

6. JCrude Silver (containing 95 to 96 per cent, of silver). Refined 
Stiver (containing 97 to 99i5*per cent, of silver), and Cement Silver 
are assayed by wet methods only (cf, pp. 117 et seq.), 

7. Bullion and Silver containing Copper.— Before the introduction 
of the Gay-Lussac wet method of assay, these alloys, e^en those 
richest in silver, were Sssay^ed exflusively in the dry way by taking an 
accurately vgeighed amount (two cfuantities each of 0-5* g.), and 
cupelling with a sufficiency of assay J8ad on a cijpel of piy;e bone»ash. 

The unavoidable loss^ during cupellation was carefully determined^ 
by introducing aheck assays into the muffle, |ind by making corrections 
for^hese losses, the actual fifteness co^ulfl be arriveJ^ at with tolerable^ 
accuracy. The carefully yeigbecTcheck Sssays mentioned above were, 

^ Gituie praiiqut du €hmuie MHallurgpsU ii de V Em 1898. • 
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made up to contain approximately the same amount of silver and 
copper as the assay pieces under test They were placed In different 
parts of the muffle, generally one on each line, and their position in 
the muffle was taken into account in calculating the losses on the 
assays. ^ 

Preliminary Assay. As the amount of lead needed depends on^he 
percentage of copper and other metals (other than silver and gold) in 
the alloy, the approximate fineness is first ascertained either by the 
touchstone, or by cupelling o-i to o-2 g. with eighteen times its weight 
of assay lead. ' ' 

Streaks are made with the alloy on a touchstone of black basaltic 
stone, and, adjoining these, other streaks are made with test needles 
of known fineness ; by a comparison of the colours, after treatment 
with acid, an approximate result {^arrived at The presence of zinc 
in silver alloys considerably affects the streak, and gives ris^ to 
high results. 

It is possible to ascertain by means of the streak whether an 
alloy contains silver or not. The streak is treated with one or two 
drops of pure concentrated nitric acid, and, when it has disappeared, 
leaving no trace of turbidity, a drop of hydrochloric acid produces 
the characteristic white precipitate, or a turbidity, if silver is present 
Lead may also give a turbidity, but this disappears on the addition 
of a little water.^ 

Alloys poor in silver (400/1000 and under) require eighteen to 
twenty times their own weight of assay lead for cupellation ; alloys 
of approximately 500/1000 require sixteen, ^oo/ 1000 require twelve, 
800/1000 require ten, 900/1000 require eight, and 950/1000 and over 
require four times their own weight In mint laboratories this assay 
lead is kept in standard lumps or pellets. 

The Assay Proper. From two to four cupels are placed in the 
muffle and heated to cupellStion temperature, the assay lead introduced, 
and the muffle closed ; as soon as the lead has “ uncovered,” the alloy 
(0*5 g. if fine silver, or i g. if Soojiooo)* wrapped in sheet assay lead, 
and check are added with the aid of tongs, and the muffle again closed. 
After about a couple of minutes, when complete fusion has taken place, 
the muffle is partly opened, and cupellation proceeds. The litharge 
ring appears gradually, but seldonj litharge "crystals* Finally^ the 
bead becomes iridescent, and kr^htens. The finished asaay is allowed 
to coel slowly to obviate spittin§^and shortly after setting (dropping 
s. of the surface) it is removed from the muffle.. The beads are removed 
with sharp-nosec^ pliers, ^squeezed, brushed on the «under side, and 
e placed on a blafik wooden ’bqprd, pro\flded with a numfecr of 
^ depressions, ready for weighing on tfil jisaay balance.* In^ead of adding 
^ €/. lli^distinction of ^Iver and imitationwilver alloys, p. 128. 
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tfie alloy to lead in a cupel it may be wrapped in the proper amount 
of assay lead and introduced at once into the hot cupel. 

The amount of loss noted on the checks is added to the weights 
of the assay beads and the fineness is calculated from this corrected 
figure. 

Assays of upper and lower portions of ingots, owing to segregation, 
may show differences up to three-thousandths in fineness between 980 
and 725, and considerably more between 4CX3 and 200. 

• This determination of the fineness gives reliable results and also 
serves as a preliminary to the more accurate volumetric determination 
by the Gay-Lussac method (cf. infra). It is suitable in particular for 
the assay of low-grade and impure silver alloys of commerce. 

B. Wet Assay for Silver Alloys 

^ • 

. The two methods which arc almost exclusively used for the wet 
assay of silver alloys are the sodium chloride method of Gay-Lussac^ 
and the ammonium thiocyanate method of Volhard.- The gravimetric 
determination by precipitation of silver chloride, which takes longer than 
the volumetric method, is seldom used in practice when only the silver 
content is in question ; it is, however, employed in Indian mints, ^ 
where, owing to the high temperature prevailing and the consequent 
evaporation of the standard solutions, these cannot be kept at a 
constant working value. 

Electrolytic methods of deposition have not hitherto been intro- 
duced, as they do not offer any advantages. 

I. Gay-Lussac’s Sodium Chloride Method. 

This method is employed in most mint laboratories. A solution of 
the alloy is made in nitric acid and adjusted to contain slightly over 
1000 «ng. of pure silver. The silver is precipitated in the cold by 
means of a solution of piye* sodium chloride (lOO c.c. of “standard 
salt solution”), not quite sufficient to precipitate the whole of the 
silver; the solution is cleared by shaking, and the silver remaining 
in solution is precipitated by successive additions of i c.c. of a^* decimal 
salt solution,” sliaking ^ell after ejch addition, untirno further turbidity 
is produced with salt solution. 

^ Imiruction sur rEssai dts Mniih^es d' ArgeniJ^ar la Vote hunMe^ Paris, 

* DU Silbertiirierung mil Rhode^nammo^ium u, s, w., 1878, previously published in the Berg tf - 
BiitUn. Zeil .^ I$f5, 34^ 83 ; 1876, 35, 333 (Lindemann) ; /. Chem,^ 1877 [2], IS 

[ 4 L Campredon, in his Guide pratique Su CAemitte MHallurgiste et deW Essay eur^ calls, this the^ 
method of Charpentier, who published the prim^le of thoi method in the Compies rend, in 1871.] 

® For a detaiM description, , see IMmn Assay of Silver Bullion^ by F. T. C. Hughes, * 

Tfktns. Imi. Min, and MeU^ 1907-8, 334. • # • • 
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The solutions required for the determination are : — 

I. Standard Salt Solution. This is made by dissolving g- of 
pure sodium chloride in i litre of distilled water at 1 5°. 

[If the solution is required for frequent use, it is as well to prepare, 
say, 50 litres at a time, starting with a cold saturated solution of pure 
salt, of which 100 c.c. contains 3i'84 g. of sodium chloride between 
10° and 20”. A solution of ordinary common salt may be freed from 
calcium sulphate and magnesium chloride by treating it with barium 
chloride and sodium carbonate, filtering, boiling down, and recrystallising 
the salt thus obtained.] 



* Fro. 86, 


One hundred c.c of this solution will precipitate just I0(X> tng. of 
silver ; as a little more than this quantity* is present in the assay, the 
precipitation is completed with salt solution of one-tenth the strength. 
From 5 to 10 litres of this .standard salt solution is stored iq a bottle, 
supporte 3 on a firm wooden stand and provided with q side tubulure 
near the-jaottom. Thef Stas pipette/ which has a capacity of exjictly 
100 ac., and is a simplification 15 !' the Gay-Lussac pipette,*is filled from 
this bbttle as^hown in,Fig. 36. • ^ 

2. “ Decimal" Salt Solution, made by diluting 100 c.c.of the standard 

solution No. I to 1 litre. 1 . , • * 

3. Decimal" Silver Solution. is made by dissolving i g. of 

chemically pure silver in 6 c.c. of ptme nitric acitl (spt gr. i*2) and 
diluting te i litr6.» 
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Both these dilute solutions are kept in glass-stoppered bottles. The 
approximate silver content of the alloys under examination must be 
ascertained by a preliminary assay in the dry way, or by Volhard*s 
. volumetric method (p. 122). 

In mint-prepared alloys (made from silver of known fineness and 
pure copper), the silver content is already known and merely requires 
to be checked by the sodium chloride method. 

First, the titre, or standard value, of the standard salt solution 
I[which should be at a temperature of as near 1 5° as possible), is fixed by 
means of a nitric acid solution of 1-003 g. of chemically pure silver. 
The silver, in the form of clippings, is treated in a 200 c.c. shaking- 
bottle with 14 c.c. of pure nitric acid (sp. gr. 1-2), and gently heated in 
a water-bath until dissolved ; when solution is complete, the bottle is 
placed on a metal guide immediately under the Stas pipette (Fig. 36), 
which is filled with the standard salt solution (No. i), and closed at the 
•upper end by means of the finger. In the London mint, a hot-plate 
covered with asbestos is used in place of a water-bath, and a series of 
six pipettes is arranged, which are filled by means of a foot pedal. 
The solution in the pipette is run into the bottle, which is then closed 
with its numbered stopper and shaken for five/ninutes, in such a way 
that the contents are thrown violently against the sides of the bottle. 
In doing this, the bottle must be firmly gripped, the forefinger being 
pressed against the .stopper. 

The silver chloride clots and settles rapidly ; any particles remaining 
attached to the sides or to the stopper can be detached by sloping and 
rotating the bottle. After a minute or two, i c.c. of the decimal ” salt 
solution (No. 2) is run in from a pipette, the latter being allowed to 
touch the inner side of the neck of the bottle. If silver still remains in 
, solution, a tqjrbidity is observable near the surface of the liquid when 
the flask is, held to the light, and this spreads through the whole liquid 
on gently shsfking. • 

The number of cubic centimetres of “ decimal ” salt solution added 
is marked with chalk on a boaVd, hung up in a convenient position, and 
divided for the various numbered bottles. The bottle is shaken until 
clear an^ the addition of “decimal” salt solution continued, i c.c. at a 
time, until nc^ further^ turbidity is to be seen. The final cflbic centi- 
metre, which shows no turbidity ,*is not counted, and the previous cubic 
centimetre iS counted as a half onlv. tHfe^orresoondinp- chalk-mark beiner 
crossed. 

For example, suppose the'^third addition shows no turbidity, th^ 
arnpunt of /alt Solution used^fgr the complete precimtation of 1003 mg. 
of silver =5 100 c.c. of “ stan^ardj^^ soUitipn is equivalent to 1000 c.c# 
of “decimaW* solution+«-5 cc. of “decanal” solution, or altogethet 
iboi'S of “decimal” salt solution.* • * • 
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In practice, the thickness of the cloud produced by the addition of 
the first cubic centimetres is used to indicate the probable amount 
required. 

If an alloy on preliminary dry assay, reckoning also the cupellation 
loss, shows a fineness of 734/1000, the amount to be taken for the -wet 
assay is arrived at as follows : — r. 

734 mg. Ag are contained in 1000 mg. alloy. 

Then 1003 „ „ „ x „ 

. ^ ^ 1366 mg. 

734 

Consequently, 1366 mg. is weighed out, dissolved in 10 to ^2 c.c. 
of nitric acid (sp. gr. i-2), free from chlorine, and the solution treated 
exactly as described above. 

Assuming that the fourth cubic centimetre is the first to show 
no turbidity, the amount of salt solution = 1000+2-5 = 1002-5 c.c» of 
“decimal” salt solution. Since 1001-5 cc. = i-003 g. silver, the. 
sample under examination (1366 mg.) contains 1004 mg. silver, which 
corresponds to a fineness of 735 per 1000. 

Eevitirks. 

• 

1. Apparatus. The simple and cheap .Stas pipette is a perfectly 
satisfactory substitute for the original Gay-Lussac pipette. It must be 
protected from dust, and, if a few drops of the “standard” solution 
should overflow on to the sides of the pipette, it should be washed with 
strong sodium hydroxide solution (it must be remembered that o-i c.c.,, 
of “standard” solution =i mg. Ag). In minf laboratories a special 
stand is used, to allow of several bottles being immersed at the same 
time in the copper water-bath. For the simultaneous shaking of from 
ten to twelve samples, a .shaking apparatus as shown in Fig. 37 is used. 
The individual bottles must be firmly fixed and the glass stoppers well 
secured. 

2. Effect of Foreign Metals, etc. Black particles, remaining behind 
on dissolving the alloy, may contain gold^platinum, carbon, or silver 
sulphide. The latter dissolves on continued warming, with addition 

^of I to 2 c.c. of strong nitric acid. Turbidity, due to the prpsence of 
antimony* disappears on the addition of tartaric acid,, which should 
also be added if bisriluth is present. Alloys containing mercury, 
according to Debray, should h€ treated gradually in a snlall graphite 
cruciblfe in a trMiffle to the melting ftoint and tj;ie button then dissolved 
vin nitric acid. ’ • 

The presence ^ lead slnd^tin,J accojding to Kerl, Necessitates ^he 

«iise of sulphuric aad as solvent in pkee of nitric acjd ; traces of Iwd, 

iiowever, do not interfere. * , • • * • • 

♦ * * 

* ^ C/, Salas, Tran^, Ji'mer. InsU Min, 267^ 
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3. Action of Silver Chloride. Investigations by Mulder show that 

silver chloride is slightly soluble in the sodium nitrate produced during 
titration, and that, on precipitation of the silver with the calculated 
quantity of sodium chloride, about 0-5 mg. of silver remains in solution ; 
consequently an excess of 0 5 cx. of “decimar^ salt solution is really 
used, when the addition of this is continued to the point of complete 
disappearance of turbidity. This has, however, no influence on the 
result of the assay, since it occurs to the same extent in standardising 
with pure silver, as in the assay itself. ^ 

4. Accuracy of the Assay} The fineness is usually expressed in 
thousandths; expert assayers can determine the end-point of pre- 
cipitation to o-i mg. by making smaller additions of the “decibial” 
salt solution than i cx. 

Stas (1865) found that the accuracy was about i part in 100,000 
when every precaution was taken, and has given particulars of how 
this degree of accuracy was obtained.^ 

Hoitsema*^ worked to obtain the highest degree of accuracy, and 
states that “ The accuracy of this determination is of the order i/io ^ — 
that is, one part in one million.” These results were obtained on fine 
silver. ^ 

2. Volhard’s Ammonium Thiocyanate Method. 

This method depends on the precipitation of silver from nitric acid 
solution by means of a solution of ammonium or potassiuiji thiocyanate, 
in presence of ferric sulphate as indicator. The curdy precipitate of 
silver thiocyanate, which is but little affected by light, is insoluble in ' 
cold dilute nitric acid ; the slightest excess of the precipitant is shown 
by the persistent red coloration, due to the formation of ferric 
thiocyanate. 

The solutions needed for the determination are;^ — 

I. Ammonium Thiocya 7 ihte Solution. This salt can.be obtained 
chemically pure and is more suitable than the potassium salt, which 
frequently contains chlorine. Seven and half to eight grams is 

dissolved in water and the solution made up to i litre. This is 
Standardised by titrating 50 c.c. of silver solution (No. 2) diluted with 
^100 to 200 c.c. of water in a beaker, 5 c.c. of a cold saturated solution of 
iron alum^ free from ’chlorine, being a^ded ; .the Isnd-point is indicated 
by a permanent pale brownish aed colour. The thiocyanat^e solution is 
then dijuted so that i c.c. is exactlj'^equivalent to 0*01 g. Ag; the value 
^ust, of course, be checked by several tUrationl. 


^ Cf. Dew^y, Tnd, Enfu Ckern,, 1^3, 6, 20^ , 

^ ® Le$ Zois des Propornons chimiques^ flru^els, 1865, PP» 39’'48. 

^ Dutch Mint Report^ 1(^1. •• ^ 

* R. Fresenius, Qpiantttalm Analysis ^ eJiUoii, vol, iii, pp. 

Smith, Trans. Tnst, Min. ant Met., 1906^-7, x6, 154. • , 
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^ By diluting too c.c of the solution to i litre, a decimal ” thio- 
cyanate solution is obtained (i c.c.= i mg. Ag); this solution is 
employed towards the end of the titrations. 

2. Silver Solution. Ten grams of chemically pure silver Is dis- 
solved in i6o c.c. of pure nitric acid of sp. gr. i-2, in a long-necked 
flask, care being taken to avoid loss by spitting ; the nitrogen oxides 
are completely driven off, and the solution, after cooling, is diluted to 
i litre. One c.c. of this solution contains exactly o oi g. Ag. 

• 3. Solution of Iron Alum. A saturated solution free from chlorine 

is used, of which 5 c.c. is added in each titration. Any yellowish 
colour in this solution is destroyed by the addition of a little colourless 
nitric acid or ferric nitrate solution may be used. 

To carry out the determination, from 0-5 to i g. of the sample in 
the case of alloys is dissolved in io to 20 c.c. of nitric acid (sp. gr. i-2), 
in a beaker covered with a clock-glass, and heated on a sand-bath until 
*, nftrous fumes have disappeared. The cover and the sides of the 
beaker are then washed with water, 100 to 1 50 c.c. of water and 5 c.c. 
of the iron alum .solution added, and the solution titrated, the beaker 
being placed on a sheet of white paper. If preferred the titration may 
be carried out in a white-glazed porcelain basiij. 

When the titration approaches completion, the iron coloration dis- 
appears only slowly on shaking or stirring ; the “ decimal thiocyanate 
solution is then used for finishing the determination. 

J^emarl^s.-w-The solutions must be titrated cold ; nitric acid does 
^ not interfere, but any nitrous acid must be previously removed by 
boiling. • 

The presence of gold in the sample (as, for instance, in crude silver 
and refined silver) is shown on solution in nitric acid ; the dark brown 
or black powder left as a residue is w^ashed with hot water by decanta- 
tion, collected in a small crucible, dried, heated, and weighed {tf. Assay 
of Gold, Silver, and Copper Alloys, p. i^f). 

the presence of high percentages of copper (above 70 per cent), 
the end-point is not sharp, ^itd an accurately measured quantity of the 
silver solution (No. 2) is then added to the strongly coloured solution, 
or a corresponding quantity of pure silver may be added, so that the^^ 
ratio Cu : A^—y : 3, is not exceeded. * 

^Mercury must be *previously» removed from the alloy by heating to 
a temperature of about 700°. • • 

The presence of palladium .causes high silver* results^ to be 
obtained. • ^ 

Arsenic*, antimony, tin, zijic, cadmium^ lead, and bismuth do not 
interfere with the titration ; *cobalt aqd nickel have^ an effect similar te 
that of largje quantities* of cop^r, on account of the colour of their 
. solutions, • • . 
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A. E. Knorr^ recommends a combination of the Gay-Lussac and 
Volhard methods, viz., the precipitation of the greater part of the 
silver with salt solution, and titration of the remainder with ammonium 
thiocyanate. 

3. Gravimetric Determination of Silver. 

The precipitation of silver as chloride has been already mentions 
(p, 1 17), The following gravimetric method, in which the silver (even 
when present in minute quantities) is determined as iodide, is veryr 
accurate. Hampe, after careful investigation,^ strongly recommends 
the method as described by R. Benedikt and L. Gans^ for the d^er- 
mination of silver in its alloys with lead. The process is as follow^: — 
The amount of the alloy to be taken varies from 10 g. to sewral 
hundred grams, according to the richness of the lead in silver; i^ is 
dissolved in dilute nitric acid (free from chlorine) with addition) of 
tartaric acid if antimony is present The quantity of nitric acid is ho . 
regulated, that there is an excess of about 10 c.c. The clear solution 
(filtered if necessary) is considerably diluted to 300 c.c. or to several 
litres, and excess of potassium iodide solution is added, but too great 
an excess should be avoided ; the containing vessel is then covered 
and heated. The lead iodide dissolves, reacts with the nitric acid, and 
iodine is set free. Heating is continued until the iodine is volatilised 
and the liquid colourless. The silver iodide is filtered off and weighed ; 
or it can be converted into chloride and weighed as such. , 

Benedikt examined poor leads, the silver contents of which were 
very carefully ascertained in the dry way to be 0 003 per cent, and * 
0*0006 per cent respectively. By his method, using 147 g. and 239 g. 
of material respectively, he found 0 0034 and 0-00054 per cent of silver, 
Hampe checked the method by precipitation of minute quantities 
of silver, in presence of considerable amounts of chemicafly pure lead 
nitrate (320 g. of lead nitrate? i mg. of silver as silver nitrate,* 2 litres of 
water, and 10 c.c. of nitric acid, precipitation being effected by 0^-5 g, 
of potassium iodide in aqueous solution*). , The result obtained was 
0*98 mg., instead of i mg. 

The method is especially suitable for the examination of assay lead, 
litharge, and red lead, which are intended for dry assay work. 

The Examination of Bar Silver (Crude and Refined Silver, Fine 
Silver, Cement Silver). — A compfete analysis is seldom required. It 
is nsual#to determine the^gold left ‘qp dissolving a fairly large quantity 
^f the sample (10 g. or more) in dilute nitric ac^fi {cf. Gold, p. 148), then 

the silver in an aliquot parl^ of the solution, either by the Gay-Lussac 

^ • • • € • % 

^ J, Anw\ Chem, Soc*^ S%^. t 

» Chem. ZuU, 1894* 18, 1899 ; 1895, 304 ^ 

• ^ Chem, Zei\i 1892, 16, 4, C2. 
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dr Volhard method, or gravimetrically, and finally an examination is ; 
made for impurities, more particularly bismuth, a small amount of 
which has the effect of producing hardness and brittleness in silver 
alloys coinage alloys). 

•The presence of antimony and tin may be recognised by qualitative 
t^sts; a few grams of the alloy dissolved in pure nitric acid shows 
a whitish turbidity when these metals are present ; copper gives a blue 
coloration with excess of ammonia, lead and bismuth being at the same 

• time precipitated as hydroxides. 

Platinum and the platinum metals are almost always present, but 
usually only in traces. H. Rossler has frequently found palladium 
in refined silver; weighable quantities colour the nitrate solution 
yellowish. 

Sulphur is determined by heating a considerable quantity of the 
sample, in the form of drillings, in a current of chlorine. This is 

• conveniently effected in a long porcelain boat, placed in a hard glass 
tube. The volatile chlorides are collected in a receiver containing 
water acidified with hydrochloric acid, and the sulphur is precipitated 
as barium sulphate. In this way bismuth, tin, arsenic, and antimony 
can also be separated from silver by the volatilisation of their chlorides ; 
copper, lead, and iron remain in part with the silver chloride and 
partially in the cooler portions of the glass tube beyond the boat. 

Selenium, is frequently found in certain classes of silver, and 
according to JDebray it may be determined as follows : — About lOO g. 

^ of the silver is dissolved in nitric acid (sp. gr. 1*3), the gold removed by 
decantation, the silver** precipitated with hydrochloric acid, and the 
filtrate evaporated to dryness. To convert the selenic acid to selenious 
acid, the residue is boiled with hydrochloric acid continuously for a 
quarter of an hour, and the selenium precipitated, as a red powder, by 
addition of a solution of sulphurous acid. The precipitate is transferred 
to a weighed filter paper, washed well wilh water, the filter paper and 
its contents dried for from three to four hours in an air-bath at 100®, 
and weighed. ^ • 

Determination of Silver in Plating Solutions (Silver Baths). — 

Silver baths usually contain from 4 to 20 g. of silver, as silver-potassium 
cyanide^, and from 10 to 50 g. of potassium cyanide per litre together^ 
with potassitSm cyaifate ^nd j^otassium chlqridS and a little copper, 
dne, and nickel as impurities. Cadevum is frequently add^d to these 
baths as cadmium potassium c;^Snide, since the plating pyroduced 
tarnishes less readily than a# pure silver deposit. * 

For the analysis, 10 c.c. of the solution is placed in a covered 
pflrcelain dish, 10 c.c of •Iiydrocfilorit acid addfed, and thp whojp 
lieated on ^ water-batlj in cujfboard for fifteen minutes; the 

•cover is then removed* and washed, and the .contents pf the disli 
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"Waporated to dryn^ss^'on the water-bath. The presence of a tflhatl 
quantity of copper is indicated by a brownish colouring of the residue, 
due to anhydrous copper chloride. The dry mass may either 
treated by scorific^ation followed by cupellation, or digested with 25 c.c, 
of water and a few drops of nitric acid, the residue filtered off after 
cooling, washed with water containing nitric acid, dried in an air-bath, 
incinerated in a Rose’s crucible, whereby a considerable amount of 
silver chloride is reduced, then strongly heated for five to ten minutes 
in a current of hydrogen or coal gas, and any carbon subsequently* 
burnt off. 

As an alternative method the solution may be evaporated to dryhess 
in a small dish made of assay lead and then the whole scorified \and 
cupelled. ' 

These methods are also suitable /or the assay of cyanide solutions 
obtained during the extraction of silver by cyaniding. 

Any copper contained in the filtrate from the silver chloride, wfifch^ 
usually amounts to a few milligrams, may be precipitated with 
sulphuretted hydrogen, the precipitate collected on a small filter paper, 
washed with water containing a drop of sulphuric acid and a few cubic 
centimetres of sulphuretted hydrogen solution, dried, and roasted in a 
porcelain crucible (finally over a large Bunsen flame) to cupric oxide : 
CuO X 07989 = Cu. 

If cadmium is also present, both metals are precipitated as 
sulphides ; the washed precipitate is then washed off the filter paper 
into a porcelain dish and boiled for five to ten minutes with dilute 
sulphuric acid (i : 5), whereby the cadmium •sulphide is completely* 
dissolved (A. W. Hofmann’s method). The copper sulphide is treated 
as described above. The cadmium is precipitated again as sulphide, 
from the largely diluted solution, collected on a tared filter paper, the 
free sulphur extracted by washing with alcohol and then* with carbon 
disulphide after which the precipitate is dried at 100"’, ^nH weighed, 
after being allowed to cool for half an hour. CdS x 07781^ Cd. 
It is, however, preferable to treat the sulphide with nitric and sulphuric 
acids and weigh as sulphate. CdS04 x 0-5392 = Cd (c/. Cadmium, 
P- 307). 

^ The potassium cyanide content of baths is most rapidly defermined 
by titration with silver rytrate solution {cf, Vpl. !.• p. 627)? 

Recovery of Silver from ^Silver Chloride and Silver Tfiio- 
cyanatf.— Silver chloride is boifcd repeatedly with dilute hydro- 
chloric acid, washed thoroughly witfi wafer by^ecantation, and dried ; 
'It is then mixed with halfwits weight of anhydrous socjiuni carbonate 
and one-eighth itif weight of pdtassiuh? nitrate, and th*e mixttre 
gradually introduced into at*roomy'S:la)^ qrucible placed in a wind- 
furnace, and heated qntil the fu^onris tranqujl; the slag is poured oflF 
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Sn&the metal cast in a warm ingot mould, or granulated by pouring in' 
a thin stream into water, which is kept in agitation. The ingots are 
cleaned with hot dilute sulphuric acid. 

At the Paris mint one hundred parts of silver chloride are run down 
witl? seventy parts of chalk and four parts of powdered wood charcoal.^ 

Silver chloride may also be reduced by treatment with pieces of 
pifte zinc in the presence of water slightly acidified with sulphuric acid ; 
the spongy silver obtained is treated with hot dilute sulphuric acid to 
dissolve the remaining zinc, washed well with water, dried, and melted 
down with nitre and borax glass. 

Pfeiffer^ prepares pure silver by the electrolytic decomposition of 
silver chloride in a porous porcelain 
cell, as follows : — A strip of platinum 
foil or a rod of iron is surjfounded 
by well-washed silver chloride, moistened 
with dilute sulphuric acid, in a porous 
cell ; the cell is placed in a glass battery 
jar containing dilute sulphuric acid, with 
a thick cylinder of amalgamated zinc 
round the cell. The zinc and platinum 
poles are then connected up. After 
reduction, the spongy silver is re- 
peatedly washed, and then either melted 
down or worked up directly to silver 
nitrate. 

• An almost identical metnod had 
previously been described by Priwoznik.^ 

Instead of the platinum used by Pfeiffer, 
two silver strips are employed. Water 
slightly acicHfied with sulphuric acid is 
poured int 6 a porous cell, 27 cm. in height^nd 8*5 cm. wide (r, Fig. 38), 
and ^wo heavy zinc rods, or a thick zinc plate, are introduced 
and connected by copper .wire with two silver strips, each 

12 cm. wide. The latter* stand in silver chloride moistened with 
sulphuric acid (i : 10), contained in a glass jar 32 cm. high and 
22 cm. in diameter. The porous cell also stands in i:he silver 
chloride. The amount of^ silver chloride contained in the jar corre- 
spofids to about one kilogram* of ^^ver. The zinc plate’s require 
frequent cleaning. % 

Pure silver (assay si^er) is^ prepared electrblytically^in this way in 

^ Kerl, Mektllurgische Proh%erkunstj^%%A editioii. ^ 

^ Chem, Zeit^ 1898, 22, 775 ; / C/um* 1899, 76, 366. * • 

* OesUrf\ Ze^ischri/t* f, Berg,^u» H^itt^nwe^en^ 1 879, *418 ; Balling, Fothekriite tm Prodier^ 
1887, pp. 18, 19. * ^ ^ ^ t 
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I.— Methods of Ore Assay 

I. Dry Assays. 

As the method to be employed in the dry assay of gold depends 
largely on the character of the ore, it is advisable to carry 6ut a 
preliminary examination by mechanical and chemical means. • 
Simple washing methods are particularly valuable for this pre- 
liminary examination. The apparatus used is either a wooden pan 
(Figs. 39 and 40), or an iron or wooden dish called the Batea (Fig. 4!), < 
or flat porcelain dishes or plates. ^ 

The material, in a fine state of division, is shaken with water on thel 
pan (Fig. 39), and the muddy water carefully poured off, so that the\ 
residue forms a thin mud. The pan is then held horizontally, gentle !; 
end taps are given to it, and at the^same time it is moved sideways, the 
action being similar to that in mechanical concentrators. After a.^hort 



« 


Fig. 40. Fia. 41. 


time the different constituents of the ore separate according to their 
specific gravities. Porcelain dishes are manipulated in much the same 
way. By rejecting the apparently non-metallic products, adding fresh 
material and repesijting the operations, an enrichment of the heavy 
products is ultimately attained. A zone of more or less finely-divided 
gold cannot always be detected with certainty, for some ores^as, for 
instance, the Transvaal conglomerates^ contain most of the gold in 
an extremely fine state of division, in tiny microscopic leaflets, and 
much of this passes off with the finest of the mud in the process of 
washing.* 

Other accompalnyiag minerals, such a.s pyrites, etc., are, however, 
easily vfsible, and small qus^ities of these can then, be examined 
before the blowpipe. Tellurium?gold and tellurides (see above) must 
be carefully %oked for; these may easily oe mistaken, when in a 
finely-divided state, for imispickel or arsenical pyrites The tellurides, 
on geptly warmifSg with i c.C. oF concentrated sulphuric abid in ^ test 
tube, give a cherry -red solutfon* tlfe col^our disappears on heating more 
strongly. * 
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A more delicate test consists in heating the ore with nitric add, 
diluting somewhat, filtering, evaporating the filtrate with sulphuric acid 
until dense fumes are evolved, and then adding tin foil. The same 
carmine colour is produced. In both these tests the presence of iron 
interferes with and often completely masks the colour due to tellurium. 

An excellent test consists in heating the ore in a current of 
chlorine,^ the ore being contained in a glass tube, the end of which is 
bent and made to dip into hydrochloric acid. The temperature 
acquired is below dull redness, and the chlorine should be passed for 
about one hour. The hydrochloric acid solution thus obtained is 
diluted, nearly neutralised with sodium carbonate or ammonia, and 
saturated with sulphur dioxide while still warm. The tellurium often 
takes some hours for complete precipitation, and the solution should, 
therefore, be left in a warm place over night. 

The distillation in chlorine may be obviated by fusing the ore with 
sodium peroxide in a nickel, iron, or copper crucible, boiling with 
water, filtering, neutralising with hydrochloric acid, and passing in 
sulphur dioxide as above. Selenium is precipitated, as well as tellurium, 
by both these methods ; the former, however, is soluble in potassium 
cyanide solution, and may thus be separated and reprecipitated as a 
red powder by acidifying the solution with hydrochloric acid and 
heating. For a quantitative determination of tellurium in an ore, the 
chlorine distillation method may be recommended. 

When the l^atea (Fig. 41) is used for the preliminary treatment of 
the ore, the specifically lighter portions of the powdered ore are 
removed by a circular and sloping motion ; the heavier particles form 
a tail on the lower portion of the pan. 

(a) Scorification Assay. — The silver scorification assay (pp. 102 
et seg,) is, as a rule, also applicable to gold. The process is particularly 
used for rich gold ores not containing tellurium, foi; all ores containing 
lead and those*rich in copper, furnace produtts, and sweep. 

Th« quantities of assay lead and borax required are discussed on 
P- 103. 

In carrying out the scorification assay, it is very frequently necessary 
to ** concentrate,” t.e., the lead buttons from a number of scorifications 
are united and scorified together, and so on, until finally, on cuipellation, 
a sufficiently large beacf of silver a^id gold is obtained. 

(<53 Pot Assay ( cf . Silver, pp. 105 — This process is dhiinently 

suited to many auriferous materials^ ^nd is ver^ largely used ; Jarger 
amounts of ore can be*taken«(up to several hundred grams), and 
consequently •thob effect of an uneven distribaition of the gold on the * 
assa^ is decreased. 

The fusioQ is feffectec^ in ^srndbth-wallied crucibles, either in an ^ 

^ ^ Holloway and Pearc% Trans* InsL Minpand Mei*^ I903^8,*X7, 171. 
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fusion, but great care is necessary to avoid excessive heating at the 
commencement. Owing to the corrosive action of litharge on me 
crucibles used, an addition of burnt fire-clay to the c arge is oun 
be most useful, and is preferable to sand. 

The following is a useful average charge for telluride ores : 

Assay Tons. * 

Ore . 

Red lead . 

Charcoal 

Sodium carbonate 

Borax 

Burnt fire-clay 

The amount of red lead required^varies with the amount of tellurium 
present, the more tellurium the greater must be the excess of red 
lead used and a portion of this should be placed as a cover on ^he 
bulk of the charge. 

Large buttons from this fusion may be scorified before being 
cupelled, but then the operation must not be carried so far that the 
lead is covered with slag or tellurium passes from the slag into the 
lead button. * 

Auriferous tinstone ^ should be assayed by the crucible method ; an 
excess of red lead and sodium carbonate is desirable. The following 
charge will be found to give good results, even with dressed tin ores 
carrying gold : — 




As^iay Tons. 

Ore . . . . 


I-O 

Red lead 


. 2-0 

Charcoal 


. 0-05 

Sodium carbonate . 


I'S 

Borax 


0*25 


• * 

(c) The Cupellation of the Auriferous Lead (c/. Silver, pp. iio et 
seq ^. — Lead buttons from the pot assay, when the slag is difficult to 
remove, are re-melted for a short time on scorifiers ; the slag is then 
easily removed from the buttons by hammering and brushing. Hard, 
impure lesd buttons are scorified with assay lead before cupeUation. 

Towards the end of fhe cupellation of auriferous lead, the tempera- 
ture should be raised as in tl^, silver assay. Beads rich in gold do 
not “ spit” < 

There is a*- distinct ‘loss of gold by ^absorption during cupellation. 
‘To recover the gold from, the cupels, the portions no^ saturated with 
^ litharge are remoeied, and thcresf is treated as follows*;— One hundred 
'^parts of cupel substance arCthisdd ifc a crucible with seventy-five parts 

* BSnujster, T fans. Ifkt, Min, and Mei., 4905-6, 15, 513. 


I'O to 4-0 

0- 05 

1- o 

0-5 

0-5 
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of fluor spar, seventy-five of sand, one hundred of sodium carbonate, 
fifty of borax, and two of powdered charcoal. The lead button obtained 
is then cupelled. 

(d) Parting'. — The beads are weighed on an assay balance and 
then, parted by means of nitric acid or concentrated sulphuric acid. 
Complete separation is only attained if the ratio of gold to silver is 
I ; 2-5 or 1 : 3 and above (c/. p. 140). 

Alloys of forty parts gold and sixty parts silver are so white that 
they cannot be distinguished in appearance from silver; an alloy of 
seventy parts gold and thirty parts silver has a pale brass-yellow colour. 

To effect the “ parting ” a white bead is flattened out on a polished 
anvil and treated in a test tube or small porcelain crucible with a few 
cubic centimetres of pure nitric acid (sp. gr. i-2 to 1-3), free from 
chlorine, and the contents heated to boiling. If the button dis- 
integrates and the gold separates as a black powder, more silver is 
prdfeent than is actually necessary for the parting. Boiling is con- 
tinued as long as coloured nitrous fumes are given off ; the acid is then 
carefully poured off, the residue is washed repeatedly by decantation 
with distilled water, and the gold dried, either on the water-bath or in 
an air-bath, and finally heated gradually to redness. The black 
powder turns yellow and becomes somewhat colicrent. After cooling, 
it is brushed on to the balance pan and weighed. The silver is 
ascertained by difference. 

A white lj,ead which turns brown and is attacked only on the 
surface by nitric acid, does not contain sufficient silver for parting, 
feuch a bead must be washed, dried by heating, wrapped in lead foil 
with two or three times its weight of assay silver in small pieces, and 
the whole placed on a heated cupel and cupelled, an operation which 
takes only a few minutes to perform ; yellow or yellowish beads are 
* treated similarly, without first testing with nitric %cid. 

Direct molting of the bead with the inquartation silver is simpler ; 
this i& done in a hole in a piece of charcoal or on a cupel before the 
blowpipe. The flattened bead is parted with nitric acid as explained. 
If the parting is effected with concentrated sulphuric acid, a denser 
yellow residue of gold is obtained, and platinum and traces of lead 
remain with the gold, whereas small quantities of platinum are dis- 
solved from fhe alloy, if, nitric acid is used irf the parting. The 
detection o4 platinum and the solubility of silver-platinum alloys is 
dealt with on p. 146. , 

When the relation ftf golci to silver in the bead is i :2-5 or i ; 3, 
boiling twice with nitric acid is sufficient fof complete parting, and the* 
be 4 d retains its original shapfe*whicH is Sin advantage inasmuch, as less^ 
loss occurs ip washing and.cqllectfng,*tha* when the gold is in a finely^ 
tHvided conditioa 
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Piattner's blowpipe assay for gold ^ is specially useful to prospectors^ 
It consists of a crucible assay or scorification assay, concentration, 
and cupellation. Since only small quantities of material can be used 
(lOO mg. for each assay), the material is previously enriched as far as 
possible by panning {cf, p. 130). The tiny gold beads are measured 

with a scale. • 

2. Extraction Assays for Ores. 

From time to time it is necessary to examine ores in the laboratory 
in order to ascertain the method of treatment most suitable for th^* 
extraction of the gold on a large scale. At the present time the most 
important methods of treatment are by amalgamation and by th6'^ 
cyanide process, and it is advantageous to examine ores to find out 
whether they are amenable to treatment by these methods and what 
losses of gold and reagents are likely to be met with in actual practice. 

For the amalgamation assay, 100 to 500 g. of the crushed orq is 
ground with water in an iron mortar or a mortar amalgamator, sufficient 
water being added to form a thick cream-like pulp. About 50 g. of 
clean mercury is then added and thoroughly incorporated, the mixture 
being well stirred from time to time for several hours. Water is then 
added to dilute the pplp and the whole gently stirred to allow the 
amalgam to settle to the bottom. The tailings are then washed from 
the amalgam and are collected in a suitable receptacle, dried and 
assayed. The amalgam is also collected, squeezed through chaniois 
leather and the hard amalgam thus obtained gcntl}f heated in a 
covered porcelain crucible to drive off the remaining mercury. The 
residue is weighed, cupelled with lead, the remaining bead weighed, 
recupelled with lead and silver if necessary, parted, and the gold 
obtained washed, heated and weighed. 

From the original assay of the ore, the assay of the tailings and the^ 
weight .nd nature of the bullion obtained, valuable information may 
be acquired. * * 

Similarly, extraction experiments with solutions of potassium cyanide 
may be useful. The ore is treated with# dilute solutions containing 
0*5 per cent, or less of potassium cyanide, for varying lengths of time, 
^ the solution filtered and assayed for gold, free cyanide and alkalinity. 
For gold, the solution is mixed with pure Ijjtharge, evaporated to 
dryness gn the water-bsfth, and then r*m down with the usual fluxes in 
a crucible, and the lead buttol! •gupellcd. Evaporation t6 dryness of 
the auTiferou% cyanide solution i« a small Jead dish, followed by 
^corification and cupellation, may also bfc adopted. The residues from 
the cyanide extraction arl also ^^sayed for gold, Fthth^ tests ipay 
•also be* made after'the addition Qf ai^ alkali if necessary. 

» Cf. Manual of Qualitalwe and Quantitalnt Anhlym with the Blmtptpe^ ?lattoer : 
translation by N. B. Cornwf 11, 1902 , 
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For determination of gold in dilute cyanide solutions produced 
on a large scale, ^ the following method has been found satisfactory. 
Two hundred and fifty cubic centimetres of the solution is placed in a 
beaker, 4 g. of zinc shavings and 30 cx. of 20 per cent lead acetate 
solirtion added, and the whole boiled for one minute ; 30 cx, of con- 
centrated hydrochloric acid is then added to dissolve the zinc, and 
when all action has ceased, the solution is boiled and allowed to stand 
until cool. The clear liquor is decanted, the residual spongy lead 
collected, squeezed into a ball, wrapped in lead foil, dried, cupelled 
with a little silver, and parted in the usual way. 

The Detection of Minute Quantities of Gold — The roasted ore is 
shaken with an alcoholic solution of iodine; the solution is then 
absorbed by a few strips of Swedish filter paper, and, after drying and 
incinerating these, the presence ef gold is indicated by the purple 
colour of the ash (Skey). 

• * A delicate reaction consists in treatment with bromine water, con- 
centration of the solution by evaporation, and addition of stannous 
chloride, whereby a precipitate of purple of Cassius is produced, 

Carnot’s colorimetric gold assay‘d depends on the production of a 
rose to purple tint in a hydrochloric acid solujion containing gold, by 
the addition of zinc dust, in the presence of arsenic acid and ferrous 
chloride. Standard solutions are used containing gold varying from 
I mg. per 100 cx. to i mg. per 1000 c.c. Details of this method and of 
Rose’s colorin^etric stannous chloride method are given by T. K. Rose.^ 
Mayen^on ^ states that a very delicate method of detection consists 
in the electrolytic deposition of the gold on a platinum wire. 

T. Doring^ recommends the following method for the detection of 
small quantities of gold in ores: — One hundred grams of the finely 
powdered ore is slightly but evenly moistened with i to 2 cx. of a 
mixture of atout equal volumes of bromine and .ether, by shaking the 
ore for at leaet a couple of hours with the Solvent in a stoppered bottle* 
Duriag this time the interior of the bottle must appear well filled with 
bromine vapour. Subsequently, 50 c,c. of water is added, and the 
mixture digested for a couple of hours, with occasional shaking. The 
whole is then filtered, and the clear solution evaporated to about one- 
fifth its volume ; a little bromine water is added, to cause thR formation 
of a little stannic chloride,*whicl:^ is necessary for tlie production of the 
purple tint, •and the solution is then«treated with stannous chloride 

^ For the methods of examination of cyaniSe solutions froRi gold cyaiflding works, cf, Thi 
Chemisiry of Cyanide Solutions^ by J. E. (Jtennell, 1904. • 

® Cf WeiH,*Z’ 0 , 1896, p. 378 ; Be^g w. HiUten^ Zeit^ 1896, 55, 31 $ ; / Soc, Chenu Ind*^ 

IS. 674- * „ ^ * ' ** • • 

® The Metallurgy o^Gold^ by T.^Kirkc Rwe, ^h cslition, 1915, pp. 6$, 52Z ; cf, also, ChenL 
Mw*, 1892, 66, ^71- .****. , * 

* Btrgu . HUUtn . Zeit., l8S7j 46, 403. * ® IKd ., 1900, 59, 49, 73, 97. 
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in a narrow test tube, and the colour observed. A o>i per cent gold 
solution shows at once a deep brownish violet coloration, which is 
opaque, even in thin layers. In a solution containing o-oi per cent of 
gold, an immediate brownish violet colour is produced, and a 14 cm. 
deep column is opaque. With o-ooi per cent, of gold, an immediate 
pale violet tint results, which increases in depth after a few minutgs ; 
a 14 cm. column is transparent With 0 0005 per cent of gold, the 
stannous chloride shows, after several minutes, especially in thicker 
layers, a pale violet-red colour, which gradually becomes more intense.* 
Solutions containing ooooi per cent of gold require to be first; 
evaporated to about one-fifth of their volume; a drop of bromine water 
is then added, after which the addition of stannous chloride will shoWV 
a distinct rose tint in a 14 cm. column. Solutions containing 0-00005 
per cent of gold, treated similarly, show a very faint but still recognis- 
able rose tint in a column 14 cm. deep. The colorations produced 
by the very weak solutions, can be detected with greater certainly,, 
if compared with a 14 cm. column of pure water in a test tube. 
The method as described is applicable to (a) pure quartzose ores ; 
(d) impure quartz, especially if containing iron ; (r) pyritic ores, even 
when containing antii^ony and arsenic ; when notable quantities of 
sulphur, antimony, or arsenic are present, the ore should be roasted 
previous to extraction ; (d) good results can be obtained with ores 
containing sulphides of other heavy metals, for instance with galena, 
zinc blende, and copper pyrites ; but these ores should subjected to 
a preliminary roasting. With ores containing copper pyrites, a certain 
amount of cupric bromide goes into solution dftring extraction, and on* 
subsequent addition of stannous chloride a white crystalline precipitate 
of cuprous bromide is produced ; but as this is white, it does not 
interfere to any extent with the observation of the purple coloration. 
The method is not applicable with any certainty to ores containing * 
tellurium, as the ethereal br(fmine mixture dissolves tellurium, tellurous 
acid and tellurium gold; stannous chloride then produces a -black 
precipitate of tellurium which may completely conceal the purple 
coloration produced by the gold. ^ 


By means of the During method, it is possible to detect the gold in 
ores contailiing 0-5 g. per ton (about 8 grains per ton) * 

Gold in Electro'-plating Baths.-.ln gold b-aths, wh'ich contain a 
large quantity of potassium cyanide besides gold potassium cyanide, 
the gold IS estimated a.s follows :%Fifty cubic centimetres is treated 
with 30 c.c. of 25 per cent. hydrochlor.ic aci^in a 500 c.c. porcelain 
iish, m a draught chambA'. The dish, covered at firat With a clock- 
j ass, 15 warmed a water-bath^a*t the edd of ten minutes* the co^er- 
jlass removed, the solution •evaporated, doivn to ‘about 20 cc a 
lydrochlonc acid solution containii!g 5 g. ot stannous chloride adde^, 
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and the heating continued for a further quarter of an hour ; loo c.c. of 
water is then added, the whole filtered through a strong (or double) 
filter paper, the residue washed on the filter paper with boiling water, 
and any residue adhering to the dish removed with a piece of 
moistened filter paper and added to the rest. The filter is dried, burnt 
in ^ porcelain crucible, and the residue fused with 5 g. of granulated 
assay lead, the button thus obtained being cupelled. If the gold 
button is not a full yellow, it contains silver, and is parted according 
to the directions given on p. 135. 

Instead of taking up the “purple of Cassius” precipitate with lead, 
it may be strongly heated by itself in a porcelain crucible, and then 
warmed on a water-bath with 5 c.c. of hydrochloric acid and 0 5 c.c. of 
nitric acid, the crucible being covered at first with a watch-glass. The 
solution obtained is evaporated, taken up with water containing a little 
hydrochloric acid, filtered, and the gold precipitated with ferrous 
«ufphate, instead of with oxalic acid, on account of the copper usually 
present. The precipitate is filtered through a double ash-free paper, 
washed, dried, burnt in a porcelain crucible, and the pure gold weighed. 

The potassium cyanide content of baths is either determined 
volumetrically, according to the method deserj^jed in Vol. I., p. 627, or 
I C.C. of the solution is diluted with 20 c.c. of water, silver nitrate 
added in excess (equivalent to o-i or 0 2 g. silver), the solution stirred, 

S C.C. of nitric acid (sp. gr. 1-2) added, and the whole allowed to stand 
for several hours. The precipitate is then filtered, washed, and dried, 
Jthe filter and its contents heated in a porcelain crucible and the 
carbonaceous matter Uurnt off ; after a final strong heating, the 
auriferous silver is weighed. The gold contained in i c.c. of bath 
solution is deducted. KCN = Ag X 0-6035. 

Gold baths usually contain from i to 3 g. gold, and from 5 to 20 g. 
potassium ^cyanide per litre. When gold chloride is used for the 
preparation of the bath, instead of the dohble cyanide, this potassium 
cyanide determination comes out somewhat too high, on account of the 
silver cyanide precipitate coptaining silver chloride. 

II.— TiiE Assay of Gold Alloys 

yhe materials for assaj* are efaiefly rich gold bullion, which contains 
but little silver, copper, and platinun^tiletals, alloys of gold with copper 
(coinage alloys), gold with silw, gold wijh silve^ and copper; 
industrial alloys of low standanl containing up to 10 per cent, of zinc^ 
amalgams, afuriferous platinum^ and gold-platinum alloys {cf. Platinum, 
p. *54), auriferous lead, bismuth, ^tiipony, and alloy's of more, or less* 
indefinite counposition^ rasalting from tlld treatment of scrap, leme}) 
Sivftep, etc. 
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Parting with Nitric Acid. Inquartation with Silver— The 

parting of beads obtained in ore assays is described on p. 135. 
Alloys of gold with silver and copper are also usually parted with 
nitric acid 

If the gold is alloyed with an excess of silver, or if the aHoys 
contain much copper or other base metals, the gold remains behin<4 as 
powder after treatment of the alloy with hot nitric acid. 

The approximate gold content of rich alloys is ascertained by a 
preliminary assay* and then a gold-silver alloy is made, in which the 
relation of gold to silver is i to 2*5 or i to 3 (hence the term j| 
‘‘inquartation”). A strip is then rolled out and made into a loose 
spiral, which is boiled in a parting-flask with pure nitric acid, until the 
silver is completely dissolved out; the porous gold is washed with hot 
distilled water, transferred to a si»all unglazed annealing cup, dried 
and ignited, and the pure gold weighed. 

When, as in gold-copper coinage, the gold content of the alloy is 
known, and only requires to be checked, the silver-gold alloy is 
obtained on a cupel in the muffle by direct cupellation with the 
calculated amount of silver for inquartation and the necessary quantity 
of lead. ^ 

A. Preliminary Assay 

I. Alloys which do not contain Copper.^ 

Touchstone Assay. — The streak produced on a touchstone is 
compared with tho.se of “needles” of known fineness. 

Concentrated nitric acid should not dissolve the streak completely, 
and the gold should remain undissolved ; this forms a method of 
distinction from imitation gold alloys. , ^ 

Alternatively the* bead obtained by cupellation of the original 
gold-silver-copper alloy wiA assay lead {cf, 2, CupreoUs Alloys) is 
compared with those obtained from standard alloys containing 600, 
700, 800, 900 thousandths of gold, and wftb a bead from pure gold, all 
fixed on a white card and surrounded with a black edging. 

When the percentage of silver reaches 56, the gold conteyt cannot 
be judged^rom the colour; such alloys are whitej 2 per-cent of silver 
will change a gold-coloiflred alloy to a i)rassy colour. , 

Full yellow alloys require t\^^nd a half to three timts their own 
weight*of silvej, light yellow alloys 4 :wice their ^eight, and white alloys 
^heir own weight. As an example, suppose •that by comparison with 
standard beads, the gold content qf the^Hoys is estimAteeJ^at betv^jpen 
700 and 800 thousandths, the^ai^om^ of^silver reqmred for the usual 
assay weight of 500 mg. is Calculated as* follows ; — Anything between 
700 and 800 is liken as 700; •consequently^ in 500^ mg. of the alloV, 
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tWe are 07x500=350 mg. of gold and 150 mg. of silver. Now 
350 mg. of gold require 3 x 350 == 1050 mg. of silver ; 150 mg. of silver 
are already present in the alloy, so that 900 mg. of assay silver must 
be weighed out and cupelled with the alloy. Should the original 
estigiate have been too low, and the gold be exactly Soo per 1000, the 
amount of silver taken, 900, would still be ample for parting, since the 
relation of gold to silver would be 400 to (900+100) or i to 2-5. 
Usually the inquartation silver used is two and a half times the 
j^^eight of the gold. 

The gold content of white alloys which are alloyed with an equal 
weight of silver cannot be approximately gauged in the manner 
described, and coherent gold is obtained on parting only when the 
gold content of the original alloy is not much under 500 per 1000. 
Otherwise the gold remains as a^ powder and requires more care in 

decantation and collecting. 

•• 

2. Alloys which contain Copper. 

For alloys that contain no silver, the touchstone assay is applicable, 
needles consisting of gold-copper alloys of known composition being 
employed. Even small quantities of silver, «inc, etc., in the gold- 
copper alloy, however, have quite an appreciable effect on the colour 
of the alloy. 

The usual preliminary assay consists in cupelling from 250 to 500 
mg. of the alToy with eight to twenty-five times its weight of assay 
•lead, according to the amount of copper present, as in the silver assay 
(p. no), except that a somewhat higher temperature must be 
employed, because copper is more difficult to oxidise completely in 
presence of gold. The loss in weight gives the amount of copper and 
other base metals, and, by comparison of the bead with standard 
beads, th& quantity of inquartation silver required for the assay 
proper is ascertained. 


B. The Assay Proper 

Cornet Assay. — The method presupposes an approxin^ate estima- * 
tion of the gSld, silv^, an<i copper by a prel4ninary assay, and varies 
in minor derails in nearly every labosis^fory,^ 

Two portions of exactly 500 m^.^ach, consisting of flattened pieces 
or drillings (from thef uppei; and lower paAs, if fr6m ingots), are 
weighed out 01^ a sensitfve balance, and th^ requisite quantity of silvet 
fof inquarfation added thfc*mixtilres •are wrapped^ in pure lead foil^ 

^ ^ Cf, Claudet, Min. and 1906-7, x6, 136. 

» E. A.*Sm 4 h»/ ofMttalfi, 1910, 3, 105^ • 
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and are put, with the necessary number of units of assay lead, on to 
a small tray and taken to the muffle furnace, containing a number 
of heated cupels. The lead is put into two cupels in the centre of 
the muffle and allowed to melt and “uncover” in the closed muffle; 
the small lead packets containing the sample and silver are fhen 
introduced, the muffle closed until cupellation begins, when it is again 
opened and the operation carried out, as in a silver assay (p. lio). 
Litharge crystals should not appear. A higher temperature must be 
employed than in the silver assay, owing to the higher melting poinf 
of the gold-silver alloy. The maintenance of the proper temperature ^ 
.during cupellation has a considerable influence on the results. 

J. Prinsep, as long ago as 1828, made use of silver-gold and gold- 

platinum alloys for controlling the 
^ furnace temperature. Since the intro- 
rr^ duction of the Le Chatelier thermo- 
electrical pyrometer (sec Vol. I.,‘pp.^ 
156 et seq?), it has been possible to fix 
the proper temperature for the assay 
of gold alloys by accurate experiments. 
T. Kirke Rose has published the results 
of a complete series of experiments 
for this purpose.^ He concludes that 
the mean temperature of the muffle 
during cupellation should be 1060'’ to 
1065*" ; each 5^" above Ihis means a 
loss of gold to the extent of o-oi* 
per 1000. 



The assays, after they have “ brightened,” are drawn forward in the 
muffle, and after setting, whereby a slight sinking of the surface takes 
place, they are removed altogether. The beads are detathed by fine- 
nosed pliers, brushed on th(^ under side, well squeezed withTthe pliers, 
and brushed again until the under surface is clean. The beads are 
then flattened on an anvil with a polished steel hammer, and the 
flattened bead healed to redness in the mdfflc on a piece of porcelain, 
and rolled out. No cracks should show at the edges on rolling. The 
• rolled piecj^s are annealed, numbered by stamping, rolled on t6 a thick 
glass rod, and the cornet^ then slacked out. t • 

’"Sot, 1 100 mg. of silver 
(960 finp and 4 g. of lead are the beads, rolled to a thickness of 
a vmting card and a widvh of 6 to 9^nm.^ave alength of about 2$ mm 
- The accompanying illjistrations-'* (>ig. 42) show^ the bead a'; 


y. Chm. Soc., 1893, 63. 707. Cf. Iho^rhfJi/ttaUHrgy of Gold T K RoL 6th .iv 
■JS. Plh 535 «(?., and /. .SW. fSd, 1893, 12, .50. I ^ ^ ^ 

rom Rose s of Cold^ 6ih p. 535. 
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flattened bead, 3/ rolled strip, c; cornet, d; and annealed cornet, 
after parting, e, all in natural size, as obtained at the London Mint 
from SCO mg. gold, etc. 

The cornets are now boiled in a parting-flask with nitric acid. The 
parting flasks are long-necked flasks of well annealed potash glass (or 
Jena glass), about 2co mm. in length, 50 mm. wide in the body, and 
2(fmtn. wide at the end of the neck. Twenty c.c. of pure nitric acid 
of sp. gr. 1-2, free from chlorine, nitrous acid, and selenic acid is 
introduced into each flask. Each is placed on a stand (Fig. 43) over 
a rose-burner, and the acid is heated nearly to boiling ; the cornets 
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are introduced, and boiling i^ continued for ten minutes after nitrous 
fumes have disappeared. * 

The flasks are removed from the stand with a cork-lined spring 
clamp, the acid carefully poured off into a porcelain vessel, and the 
cornets washod by decantation with hot distijjed ‘water ; about 20 c.c. 
of hot pure nitric acid, ol" sp. gr. 1-3^ is now added, and iRe boiling 
continued for from fifteen to twenty minutes, to complete, as far as 
possible, the solution ®f the^ traces of silvef still retnaining in the 
gold which fsin^be reduced to a limit of frc<n 01 to 0-14 per cent. T <5 
prevent bumping of the concentrated a«id during the second boiling^^ 
a piece of wood charcoal js jntrdducfed,»pr a charred pea or charre4 
pfsppercorn. • 
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After the second boiling, the iSicta is again peered off and theedfnet. 
washed twice with hot distilled water, the flask being filled completeljr 
from a glass vessel each time, whilst held in a slanting position. 

After the washing is completed, the flask is once more filled with 
water and carefully inverted in a small unglazed annealing cup. The 
brittle dark brown gold cornet falls into the cup; the water is allowed 
to escape gradually from the flask by allowing it to overflow from 
the cup into a beaker. The water in the cup is then poured off as 
completely as possible, the slight remainder being absorbed by means 
of a strip of filter paper, care being taken that no gold is removed ; tho*^ 
cup is dried for five minutes in front of the muffle, and then heated fclr 
a minute or two in the muffle to a bright red heat. The gold shrinl^ 
to about one-third of its former size, and becomes golden yellow iii 
colour, lustrous, and coherent. The stamped number is distinctly' 
visible. The cornet is then transferi^ed to the pan of an assay balance 
and weighed to within o*i to 0*05 mg. The mean of the assays^of 
** upper ” and “ lower ” samples is taken as the true assay of the bar. 

For simultaneously boiling a large number of samples, up to, say, 
144, a very convenient form of platinum apparatus made by Messrs 
Johnson, Matthey & Co., is employed in the mint in London, and other 
places.^ Parting cruets«nade of silica are also obtainable. 

The results of assays of gold alloys are reported either decimally 
or by the “carat” system.^ The decimal system is now being more 
generally adopted, but the older “carat” system is still largely used in 
England, as the workers and dealers in gold and silver alloys prefer 
this method of valuation. In these reports the alloys are referred to» 
standard gold, 22 carat (916.6 per 1000), pure gold being 24 carat 
The gold carat contains 4 grains, and the grain is subdivided into eight 
parts. In reporting how much gold in carats, grains, and eighths is ' ■ 
present in an alloy above or below the legal “standard,^; the conven- • ^ 
tional terms “betterfless” or “ worsen ess ” are used, the metal being 
reported as when above standard and when below ;*for example. 

a sarnple of 18-carat gold would be reported as 4 carats worst, the 
report reading : — • _ * 


Gold Report 

41^0 Carats. Grains. ^ 

4 

. ’ f Standard, 22 carats.* 

In the reports of “ parting « ‘assays, in which both the gold and 
Silver are returned in oiftices of fin<-Vr.iri ^ 

the abbreviations F.G. (ftne gold) and F ^ pound troy, 

frequently empluysd. ® 



Kose states that, with careful worfeing, the error in the cornet ^ 
assay does not exceed ±002 per 1000 ; this is confirmed by the very 
careful experiments of W. Witter.^ The unavoidable loss of gold by 
absorption in the cupel and by volatilisation is almost exactly counter- 
balanced by the i-2 to 1-4 parts per 1000 of silver remaining in the 
cornet 

^In order to have a check on more material losses of gold, caused by 
an excessive temperature during cupellation, solution of gold, etc., 
gheck assays are generally made, using pure gold, pure copper, and the 
same amounts of silver and assay lead as are used in the assay itself, 
such check assays being cupelled alongside the assays proper. These 
checks generally show a surcharge of o-i to 0*4 per 1000, which has 
to be deducted from the assay values found. 

Pure gold (assay gold) for this^purpose was prepared by Roberts- 
Austen, at the London Mint, as follows — Cornets obtained from gold 
of ^ high degree of fineness were dissolved in aqua regia, excess of 
acid removed by evaporation, and platinum precipitated by adding 
potassium chloride and alcohol to the concentrated solution. The 
filtered gold solution, after diluting considerably with distilled water 
so that the strength was about 1 5 g. gold to 4^ litres, was allowed to 
stand for about three weeks, to ensure precipitation of silver chloride ; 
the clear liquid was then syphoned off, and the gold from 4*5 litres of 
solution precipitated in spongy condition, in the course of four days 
by the frequent addition of small quantities of pure oxalic acid, the 
solution being gently warmed during the precipitation. This was 
then repeatedly digested with hydrochloric acid, distilled water, and 
ammonia, and finally washed with distilled water, dried, and melted in 
' a clay crucible, with acid potassium sulphate and borax. The purified 
gold was cast in a marble mould. 

• C. Whitehead® evaporates the gold chloride solution to dryness, 
dissolves tKe .residue in water with the addition of a few cubic centi- 
metre^ of hydrobrornic acid, and dilutes the solution from lo g. gold to 
l‘S litre. The gold is precipitated from the absolutely clear syphoned 
solution by means of sulphur dioxide, again dissolved, and the above 
treatment repeated, the gold being finally washed, dried, and melted 
with borax and nitre. 

Influence \>{ Platlnunj Metals on Goldp anti Silver Assays.— 

Platinum and platinum metals are frequently contained in btillion, and 
their presence can frequently be 4 €^^ected by^an examination^ of the 
beads obtained by cupSllatiorw Valuable information lis obtained by^ 


1 CAem , 1899, 23, 532 ; J .€ oc , 1899, 18, 768. 

® Ikurth Annual of%ke*Liind£n Mint^ 1873, p. 46. 

» Eng * and j899> 68 , 785 ; /. S $ c * Chem * Ind *^ »9,*lc9oo, 148. 

• • • * • • 
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low power microscopical examination of bullion beads containing small 
quantities of the platinum metals.^ 

Platinum, The presence of small quantities of platinum in gold is 
indicated by the rough, crystalline appearance of the surface of the 
bead obtained by cupelling without addition of silver ; larger quantities 
are indicated by the grey colour of the bead. With small quantities of 
platinum (up to 1*5 per cent.) the appearance of gold, silver and gold- 
silver beads under the low power objective of a microscope shows that 
there is a tendency for the boundaries of the crystals to become 
distorted and a banded or corrugated appearance is developed, which 
with increasing platinum content finally obscures the original structure 
of the metal or alloy and covers the whole of the bead. Platinun^ is 
separated from gold by cupelling the cornet obtained in the assay with 
eight times its weight of silver and l^ad, boiling with nitric acid, weigh- 
ing the gold powder produced, repeating the alloying with silver, boiling, 
and so on, until the gold obtained is of constant weight ^ {cf, p. 155).*' 

Priwoznik ® states that platinum, to the extent of 2 per cent, of the 
weight of the gold, goes into solution in nitric acid along with the 
silver, the solution being colourless ; traces of palladium, how^ever, 
produce a pale yellow^ and more palladium a brownish to reddish 
brown colour. 

J. Spiller^ states that the best solvent for platinum-silver is hot 
nitric acid of sp. gr. 1*42, which dissolves 075 to 1*25 per cent, of 
platinum along with the silver. Weak acid of sp, gr. 1*2 dissolves only 
0-25 per cent, of platinum ; the strongest acid is unsuitat)le, and brings 
about a separation of platinum black. • * 

H. Carmichael has shown that the solution of platinum is influenced 
by the proportion of platinum to gold, as well as by that of platinum to 
silver. For example, an alloy consisting of platinum 5 to 7 mg., gold 
100 mg., silver 400 rng., on being boiled first in nitric ^id of sp. gr. 
M7r, followed by a second ^cid of sp. gr. 1-285, parted cpiTipletely, all 
the platinum going into solution. Mass action seems to play a j>art in 
this process, for whereas the above allqy parted completely, an alloy 
consisting of platinum 14 mg., gold 200 Trig., silver 800 mg., did not 
part, although an alloy of platinum 14 mg., gold 300 mg., silver 900 mg., 
parted completely. • 


^ Banmsjjer and Patchin, simple method Jor the, detection of phtinum metals in 
cupeilation be%ds, T rans, Inst, Min, a W 1913-14, 23, 163. * 

“Solubility of Platinuiii*Silvcr in Nitric Acid,” Z. anal Chm. I871, 13, 

o,“ ‘ ■“ ■5°'' «»• ! 

j. cilT. «. „6, 

1897, 477 : /. j'of, Chem. Ini., 1897, 

S'K, Ch4m, Ind,, 22 , 1324. 
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From these results it will be seen that there should be about twenty 
times as much gold as platinum, and about three times as much silver 
as gold present, in order to part the gold completely from platinum and 
silver by means of nitric acid. 

Balladium, Percy ^ stated that palladium gives a greenish stain and 
verj^ crystalline beads, and according to Lodge, ^ when present in silver 
cupellation beads, palladium gives the surface a raised and embossed 
appearance and not a rough and pitted one like platinum. It is 
impossible to detect the presence of palladium up to 2 per cent by the 
naked eye but under the low power objective of the microscope these 
small quantities give appearances similar to those given by platinum. 

Minute quantities of palladium, however, even as little as 0 0002 g., 
impart a faint yellow colour to the parting acid. 

According to Priwoznik, palladium cannot produce any considerable 
error in gold assays, as an alloy of 102 parts of palladium and 1250 
parts of silver dissolves completely in strong nitric acid, forming 
a reddish brown solution.^ 

Iridium in gold produces rough, dark-spotted beads, on cupellation 
with silver and lead, from which rough, blistered, dark grey to black- 
spotted cornets are obtained, in which iridium <^n be detected in the 
blisters.'* In quantities up 2 per cent, silver beads and gold parting 
beads show a stressed appearance under low power magnification. 

In assay laboratories, Iridium and Osmiridium are usually separated 
from the gold by alloying with two or three times its weight of silver, 
ajid allowing the alloy to stand in the crucible for half to three-quarters 
of an hour in the molten •state. The iridium and osmiridium sink to 
the bottom. 

The presence of Rhodium even in traces may be detected by a 
crystallisation^ of the beads in which the facets of the crystals are 
distinctly visible. When over 0 03 per cent, is present, this is indicated 
by a bluish grey colour and much spitting. IVidium and rhodium remain 
almost«entirely undissolved when the cornet is treated with aqua regia. 

Ruthenium is indicated ii\ Cupellation beads by a black crystalline 
deposit firmly attached to the bottom edge of the bead. 

Osmium volatilises as perosmic acid during cupellation. 
Determination of ^Gold in Gold-Silver-Copper Allo3fs and in 
Auriferous Silver. — Two l®ts of *0-5 g. of the Mloy are cupeljed with 
sixteen times^to thirty-two times the j^^ight of assay lead, the percen- 
tage of base metal ascertained by Ipss, the beaiJ alloyed, if necessary, 
by recupellation with silver, and*parted by boiling with nitric acid, etc. 

•* * * 

^ httallurgy^ Silver and Gold, l88o, p?27i. * * 2 Ashying, 1904, p, ZI9, 

; * Cf. Schmidt, Z. anorg. Chem,, igy, 80, 335? * •• 

!, i 9 ^* Percy, Mitallurgy, Silvar and Gold, f88o,y. 272 ; Rose, Metallurgy cf Gold, 1915, p. 506. 
iJLodge, Notes on Assaying, J994, p.^f8. * • 



GOLD 


m 

. *> 

According to C Whitehead and T. Ulke,' in American mints and 
in the more important commercial laboratories in New York the 
noble metals in gold-silver alloys, rich in copper, are estimated as 
follows: — Ten grams of the sample is attacked by boiling with icx) cx. 
of nitric acid (sp. gr. 1*2), the solution diluted to 300 c.c, and the*gold 
collected on a filter; this is then dried, 2-5 g. of granulated lead added 
on the filter, which is then folded up and dipped into 5 g, of lead 
already melted on a scorifier ; after limited scorification, the melt is 
poured and the button freed from slag and cupelled. « 

The hot filtrate from the gold is treated with a sufficiency of comrhlon 
salt and well agitated by means of compressed air. If over o*o6 per 
cent, of silver is present in the alloy, the silver chloride settles in h'ilf 
an hour. On account of the presence of traces of gold, the liquid is 
filtered through a double filter, and* 2*5 g. of granulated lead is added 
on the filter. The whole is dried on a scorifier over the muffle^ thfe 
paper then burnt by placing it in the muffle, 15 g. of lead and o's of 
borax added, and the whole scorified. The button, which should 
weigh about 4 g., is cupelled, and the weighed bead parted, 

R. van Liew^ reduces the loss of gold experienced on dissolving 
copper containing nob^e metals in nitric acid, by lowering the working 
temperature. An assay ton of drillings is treated at ordinary 
temperature with 350 c.c. of water and 100 c.c. of nitric acid (sp. gr. 
1*42); the solution occupies twenty-four hours. Air is then blown 
through the solution, 2 to 4 c.c. of normal salt solution c^ded, and after 
standing for twelve hours, the precipitate is collected on a filter and 
washed. P'rom 4 to 6 g. of assay lead is then tidded on the dried filter, 
the filter incinerated on a scorifier outside the muffle, and the scorifica- ' 
tion carried out with the addition of 3 or 4 g. of litharge and 3 or 4 g, 
of fused borax. This is followed by cupel lat ion and parting,^ 

For the determination of gold in crude silver log. is dissolved in a 
long-necked flask in 80 to foo c.c. of nitric acid (sp. gr. 4-2), the silver 
solution is decanted into a litre flask, and the residual gold again 
boiled with nitric acid, sp. gr. 1.3; the*s9lution is again decanted, the 
residue washed repeatedly with hot distilled water, all the wash water 

flask, and the gold collected in an annealing cup, 
dried, ignfted, and weighed. • s 

the .ordinary temperature, and 
is thM tVTi ^ (corresponding to i g. af the sample) 

1898, *898, 17, 379; •a#«. 

» 498 ; Civn. 24 . U 7 . 

Cf. also Offerhaus, iteittU. «. Erz, iji;, *76. > » > ^ J*?- 
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Gold alloys, containing tin and zinc, are assayed by scorification 
with twenty times their weight of assay lead and a quarter their weight 
of borax ; the lead button obtained is cupelled with the necessary silver 
and the resulting bead is parted. 

^ Assay Methods without Cupellation. 

Inquartation with Silver. — The following modification of the 
ordinary assay is due to Bock.^ Cupellation, with its attendant loss 
of gold, is avoided by alloying the rich bullion with the requisite 
amount of silver in a small graphite crucible, flattening out the button, 
re-melting, and then making the cornet and boiling twice with nitric 
acid in the usual way; the minute remainder of silver is then removed 
electrolytically, by subjecting the cornet to a current not exceeding 
1 ampfere per square metre of cathode surface for ten minutes in a 
platinum crucible, the electrolyte consisting of very weak nitric acid 
(one volume nitric acid of sp. gr. i-2 to five volumes of water). 

An examination of this method by Witter and Bock showed the 
results to be excellent. It is unsuitable for brittle gold, which, even 
when alloyed with silver, cannot be either beaten out or rolled, but it is 
well suited for malleable gold and malleable goW-silver-copper alloys. 

Inquartation with Cadmium. — This method, due to Balling,® is 
carried out without cupellation in a muffle, and both silver and gold 
can be determined in the same sample. 

According *10 Kraus,® satisfactory results are obtained by the 
following modification :-yAbout 3 g. of potassium cyanide is melted in 
a small porcelain crucible, 250 mg. of the alloy (gold bullion) added, 
and then two and a half times its weight of cadmium ; after melting 
down, the whole is shaken round, whereupon a silver-white mobile 
Alloy is produced. After cooling, the potassium cyanide is removed 
with water,.the button (or, if two samples are treated, both buttons) 
transferred to*a parting flask and treated with nitric acid (sp. gr. 1-2), 
a charted pea introduced, and ^the whole heated for some time ; in the 
assay of fine gold, the boiling occupies one hour. The solution is 
decanted, and the residue washed once with hot water, after which it is 
boiled for ten minutes with nitric acid of sp. gr. 1-3, the solution poured 
off, the residuei washed with hot water, and boijfd for five minutes with 
water, which is then poured off ; the flask is then filled with .\^ater, the 
gold transfe^Ved to a small porcelaiw crucible, dried, and ignited, and 
the beads weighed, eithv separate!/ or togethef. • 

If the depanted acid and washings are Qollected, the silver can be* 

* ^itm. Ziit., 1897, 21, 973 ; 1898, l2,*358 ; 1890, 23, 49 ; J. Soc. t&m. Ind., 1898, 17, 695. • 

* Oesterr, Zeitschrift, I879, p. 597^ 1881, No. 3. • • « 

> « 1880,236/32! ; HiitUn. ZeiU^ 1880, 39. 249 j /. Chem» Sac, Ahsir,^ 

>^,38, 679- * * 
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determined as silver chloride, after evaporation, or it can be estimated 
volumetrically by the Volhard method (p. 122). 

The cadmium alloy is brittle and cannot be flattened ; consequently, 
prolonged boiling of the bead with nitric acid is necessary ; the final 
boiling with water must also be very thorough, in order to remove the 
last traces of cadmium nitrate. 

Determination of Gold in various Alloys. 

Alloys rich in copper may be assayed by scorification and cupella- 
tion, or by the combined wet and dry method {cf. p. 114). If the 
copper is small in amount, the alloy may be cupelled, according to 
Kerl, with addition of silver ; the silver must be about three times the 
reputed gold content, otherwise the gold bead will contain copper. 

Lead-> and Bismuth-gold alloys are cupelled direct, but poor alloys 
may be first concentrated by a preliminary scorification. •. 

Auriferous antimony may be assayed as follows;^ — Thirty gram 5 
of powdered antimony is mixed with 60 g. of litharge, 12 g. of nitre, 
and 12 g. of sodium carbonate, and melted in a crucible for a quarter of 
an hour at a low red heat in a wind-furnace ; the melt is poured into 
a mould, and the buttofli cupelled. The slag from the melt is run down 
with 30 g. of litharge and i*2 g, of charcoal; the button from this is 
also cupelled. 

For the assay of alloys of gold with platinum and the platinum 
metals, cf Platinum, pp. 154, 157. • 

Electrolytic Determination of Gold. — Gold is seldom determined 
electrolytically,^ although the electrolytic determination of gold in 
cyanide solutions is used to a considerable extent in South Africa. 

Imitation Gold Alloys. — According to Weber, these alloys show a 
black coloration on the surface when treated with one drop of a con-* 
centrated solution of cupric ^chloride ; the surface should first be cleaned 
with alcohol and ether. Gold alloys, and even thinly-plated goods, do 
not react thus. Solutions of silver nitrate and gold chloride have a 
similar action. The streak produced on 'the touchstone by imitation 
alloys disappears on treatment with strong nitric acid. 

Very t^in plating is detectable, according to R. Finkener,»by taking 
a piece of material# weighing o-i to 1*5 g., washing with alcohol and 
ether, and then treating it in a beaker with* 0 5 to 10 c.c. of pure nitric 
acid(5p. gr. 1*3). Tiny gold lea^tts are soon observable on the bottom 
of the beaker and also floating on the surface erf the liquid. 

♦ If wash-gilded materi^J is similarly Created, the more qoherent gold 
particles appear jrqugh on the#under sideband are somewhat darker in 
colour* • - - 

^ E. A. Soc, Chenu Ind*^ l8f3, Z2, 316 ; Chem, News^ 1893* 67, 195. * 

Cf, Quaivtiiativi Chemical Anatysis by ^ 9 ^ 3 * 
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PLATINUM 

Platinum ores, the metal itself, and the platinum metals and their 
alloys, are seldom assayed in commercial laboratories. Their content 
and Value are almost exclusively determined in the laboratories of the 
deajers in London, Hanau, Frankfort-on-Main, Paris, and New York, 
where worn-out sulphuric acid pans and old platinum laboratory 
utensils are also sent to be re-worked. 

• The quantitative separation of the individual platinum metals is a 
matter of considerable difficulty. 

The raw materials for the manufacture of platinum and the platinum 
metals are : — 

Native Platimim^ obtained by washing alluvial deposits and also 
from norite deposits. The metaJ is usually accompanied by gold, 
osmiridium, and many specifically heavy minerals, such as chrome 
iron ore, titanic iron ore, magnetite, zircon, spinelle, etc. 

Sperrylite^ Pt As^, containing a little rhodium and antimony, found 
only in Canada, accompanying nickel ores. 

The Platinum Metals^ obtained in the parting of gold-silver alloys, 
in the electrolytic refining or parting of gold md in the residues from 
the Mond nickel process. 

According to Kerl,^ native platinum (washed platinum) contains, 
on the average, from 8o to 86 per cent, of platinum, i to 8 per cent, 
of iridium, i ^to 8 per cent, of osmiridium, 0 25 to 2 per cent, of 
palladium, 0-4 to 3 per cent, of rhodium and ruthenium, 5 to 13 
per cent, of iron and co*pper, and i to 4 per cent, of sand. In the ore 
from the Urals, the content of iridium, rhodium, and palladium together 
is usually 4 to 5 per cent, and the residue insoluble in aqua regia and 
^consisting chiefly of osmiridium, is about 8 per cent 

Assay Methods for Ores^ 

Originally the ores were essayed and worked in the wet way ; a 
combination of wet and dry processes is now employed. 

Deville and Debray’s Dry Method for Platinum Sand.-^ 

• • • 

1 . Gangue (Quartz, Ohromke, Titanic Iron Ore, etc.)^ Several 

samples, of S g. each, are fused witl^*^to 10 g. of fine silver, under a 
layer of 10 g. of borax, ig small, gla2^d, clay crucibles. Tjie temperature 
must be considerably abeve thfe melting point of silver. The borax i% 

^^Muspratt’-^iohmanrHs Handbuch technischen ChAnUy 4th editioi% ^ 1 . vii. (1898), p. 260. 

a Cf. ibid. • ^ ' 

^ Am. Chim^Pkys.^ l8S9,(iii.^,*56f 385; «. ItliiUen. ZeiU^ i860, 19, 256; Z. anaft 

19x3, 52, 660. 
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well stirred with the stem of a clay pipe and the whole is allowed to 
cool, when the borax and other material are separated from the metallic 
button, if necessary, by warming with dilute sulphuric acid and hydro- 
fluoric acid. The difference in weight of the button and that of the 
sample plus silver gives the weight of gangue. • 

2. Gold. An average sample, weighing lo g., is boiled continuously 
for several hours with water, frequent small additions of mercury 
being made from time to time. The whole of the mercury is run 
through a pierced filter paper, the mercury distilled off in a small 
retort, and the residue of spongy gold strongly heated and weighed. 
The results are tolerably accurate, but generally too low by a negligible 
amount. 

Instead of boiling with mercury, the ore may be made into a thick 
pulp with water, and then ground with mercury for some hours in an 
iron mortar. The residue is then washed from the mercury and^ the 
latter treated as above (Bannister). * . 

3. Platinum. Fifty grams of ore is fused with 75 g. of assay lead 

and SO g- of galena, in a fire-clay crucible, under a layer of 

15 g. of borax, and mixed with the stem of a clay pipe, until all the 
beads are alloyed witl^ the lead ; the temperature is gradually raised 
to the melting point of silver, then 50 g. of litharge is added, and the 
temperature still further raised for a short time. The platinum metals 
(except osmiridium) alloy with the lead, and osmiridium collects at the 
bottom. The sulphides of copper and iron, produced, by the action 
of the galena, are oxidised by the litharge, and the oxide is slagged^. 
When evolution of sulphur dioxide has ceased, the crucible is allowed 
to cool, and the button, which weighs about 200 g., cleaned ; the lower 
portion, to the extent of about one-tenth of the button, is then sawn 
off and weighed. The main portion of the hard alloy, together with 
the grains from the .sawing, is weighed and powdered, and one-ninth* 
of it is cupelled. • . 

A considerable amount of lead, at least 6 or 7 per cent, r^ains 
with the platinum ; according to DeviUe and Debray’s process, it is 
removed by an oxidising fusion in a small lime furnace, using an 
oxyhydrogen flame with excess of oxygen. 

To avoid this treatment, the lead-platinum alloy can be cupelled 
at a high temperature with five to six jtimel its weight of silver 
(accurat^J' weighed), and, in addition, assay lead. Thft increase in 
weight, of the silver gives the pfajinum content of one-ninth of the 
total, so that *nine times this value §pves tjte amount in the whole 
*upper portion of the lead^platinum alloy. • , • 

. Th§ silver-plattnum alloy,* after being* rolled out quite Ihin.ca^ be 
4)arted by continued boiling *fith* conceptsate^ sulphuric a^id. 

The lower ten«tf>f the large le^d-platinupx Button, which was sa#n 
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off, IS broken down and warmed for some time with ten times its weight 
of nitric acid (sp. gr. 1-2) and an equal quantity of water, in order to 
dissolve out the lead ; the residue, consisting of osmiridium prills and 
leaflets and platinum black, is thoroughly washed by decantation, first 
with, hot water containing nitric acid, and finally with hot water, then 
dried and weighed. The platinum is then dissolved out with hot aqua 
regia and the unchanged osmiridium washed, dried, and weighed. 

The percentage of platinum with platinum metals, and also that ot 
osmiridium, is thus ascertained. 

The pure platinum contained in the ore is from 4 to 5 per cent less 
than the amount found, since the platinum in Russian ore is alloyed, 
fairly evenly, with 4 to 5 per cent of the other platinum metals ; the 
percentage of osmiridium, however, varies considerably. 

The following is a very suitable method for the examination of 
platinum-bearing sands, etc. The crushed material is fluxed in a pot 
>yitR*red lead, etc., in order to obtain a lead button, as described under 
the assay of silver and gold ores. The lead button is cupelled, and the 
resulting bead rolled out and boiled in dilute sulphuric acid, the acid 
being allowed to get stronger gradually. The residue is crashed, 
boiled in nitric acid, and again washed. The two resulting solutions 
contain the silver. The residue is then dissolved in aqua regia. 
Osmiridium remains, together with a trace of silver chloride and lead 
sulphate ; the silver chloride may be dissolved in ammonia, and the 
lead sulphate ig ammonium acetate solution. The osmiridium is then 
washed, weighed, and further examined, if necessary. The aqua regia 
solution contains platinum and gold ; the platinum may be precipitated 
by ammonium chloride, and gold by ferrous sulphate (Bannister). 

^ , Wet Assay for Ores.^ 

• 

In the forjner St Petersburg Mint 5 ta 10 g. of gold-free ore was 
repeatgdly digested for eight or ten hours in a porcelain dish with 
aqua regia (one volume nitric acid of sp. gr. 1*34 to three volumes 
hydrochloric acid), until a yetlow solution was no longer obtainable. A 
concentrated solution of ammonium chloride was added to the solution, 
which contained platinum, iridium, palladium, rhodium, etc., and the 
precipitate, colbured r6d by iridium, was transferred to a filter, washed 
with ‘alcohol, ^ried, and gently ignited.# « On prolonged digestion of this 
residue with considerably diluted a(^u^ regia (i : 4 or i : 5) at 4^"^, only 
platinum went into solirtion. prom the difference between the weight 
of the platinun^ black containing iridium •and that of the iridium* 
obt^ned, the amount of pur6 platinbm Vas ascertsSilfed, 

t ^ • 

^ For the det«nnmation of, plaAidunf in copj)cr ores ^Wyoming) c/. Dart, CAim. and 
JS^i igia, 10, 219. 
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The following method, due to Hess,^ can be recommended. The ore 
is fused with four times its weight of zinc, and the finely powdered alloy 
treated first with weak, then with strong sulphuric acid, whereby the 
zinc is dissolved ; the copper and lead are then dissolved out with 
nitric acid, and the washed residue treated with aqua regia. rThe 
separation of platinum, etc., is effected as above. 

Miller 2 scorifies platinum ores with assay lead, then dissolves out 
the lead by warming the button with dilute nitric acid of sp. gr. 1*05, 
oxidises the residue by roasting, and boils again for ten minutes with 
nitric acid. The washed and dried residue is weighed as crude platinum. 
If it contains gold, it is treated with weak aqua regia (i ; 5), the filtered 
platinum-gold solution evaporated to dryness, very weak hydrochloric 
acid added, and the gold precipitated with oxalic acid, filtered off, 
washed, dried, and cupelled with ajittle lead. The difference between 
the weight of crude platinum and of the residue from the treatment 
with aqua regia plus the weight of gold, gives the weight of platifiun) 
which has gone into solution. 

The iridium is dissolved from the residue left on treatment with 
aqua regia, by heating with strong aqua regia; the final residue is 
only osmiridium. 

The solutions obtained from gold-bearing ores are evaporated to 
dryness on the water-bath with addition of ammonium chloride, the 
residue is extracted with absolute alcohol, to remove the ammonium 
aurichloride and the gold precipitated from the solution with ferrous 
sulphate, after removal of the alcohol and acidifying with hydro- 
chloric acid. • 

The residue from the treatment with alcohol is dried, the ammonium 
chloride volatilised, the residue ignited, and the platinum dissolved out 
with weak aqua regia, in accordance with the method given above. 

For the Electrolytic Separation of Platinum^ cf Clalsen, Chemicat 
Analysis by means of Electrolysis, English translation, I 9 i£),*p- 

Platinum A£lqys 

I. Platinum, Gold, and Copper. 

Copper is removec^ by cupelling with eight to thirty times the 
weight oil lead, at a high temgeratare ; the bead is then flattened, 
treated with aqua regia, the* platinum precipitated a? ammonium 
platinithloridew by evaporation with ammoi^um chloride, and the 
•gold precipitated from the hydrochloric as:id filtrate ^with ferrous 
sulphate. 

1 I»54, 133, 270. ^ • 

^ ^ School of Mines Quarterly (Columbia University, Bfew Yory, 17, 26 ; B 9 rg «. Hiltten* Zeii*, 

3^896, 5 Si 235 j /. Soc. them, Ind,, 1896, 1$, 379. 
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2. Platinum, Silver, and Copper. 

The alloy is cupelled with eight to thirty times its weight of lead 
and sufficient silver to give, in the resulting alloy, five parts of silver to 
one of platinum.^ The approximate platinum content must be ascer- 
tained by a preliminary assay. The flattened bead is boiled for a 
quajter of an hour with concentrated sulphuric acid, and the resulting 
platinum powder similarly treated with dilute sulphuric acid, and finally 
with water. The residue is then transferred to a small crucible, in the 
slime way as the gold powder in the gold assay. Any retained silver 
is determined by dissolving in aqua regia, evaporating, and filtering 
from platiniferous silver chloride, then dissolving the silver chloride 
in ammonia and reprecipitating it by acidifying with nitric acid. 

3. Platinum, Silver, and Gold (with Copper and Osmiridium). 

¥wo hundred mg. of the alloy is cupelled with eight to thirty times 
as much lead, sufficient silver being added to ensure a ratio of three 
parts of silver to one of gold in the resulting alloy ; copper is deter- 
mined by difference. The alloy is then flattened and rolled, with 
repeated annealing, the cornet boiled first with concentrated sulphuric 
acid, then with dilute sulphuric acid, and finally *with water, after which 
it is dried, ignited, and weighed. The loss, less the amount of added 
silver, represents the silver in the 200 mg. of original alloy taken for 
the assay. The cornet is then cupelled with an excess of silver (at 
least twelve times the weight of the presumed, or approximately 
determined, platinum content) and assay lead, a fresh cornet made, and 
boiled first with nitric acid of sp. gr. i-i6, then with somewhat stronger 
acid of sp. gr. 1-26; the platinum and silver go into solution.^ 

On treatment of the residue, consisting of gold and osmiridium, 
•with aqua regia, only gold goes into solution, and this is precipitated 
in the usual* way. ^ 

« 4. Platinum and Iridium. 

Alloys of platinum and iydium are largely used in the construction 
of thermo-electric pyrometers and may be assayed by cupellation and 
parting og: by alloying with lead and parting.® In the cupellation 
method, 0-25 g;, of the alloy and 1-5 g, of pure silver are cupelled with 
10 g^ of assay lead at a high temperature. THe button is rqlled into 
a cornet and •parted with concentrated •sulphuric acid, being* boiled in 
two successive portions ^of 40 c.c. •The residue is boiled twice with 

dilute aqua regia (HCU4, HNOgii, HgO : 10 parts by volume) to, 
• • • * 

^ u, HUtien, ZeiU^ rfgt, 45, 2f3. • • • 

^ With regard to the solubility of platinum-^lvei® allgys in nitric acid, cf. Gold Inquartation, 
p* 146. • ^ • • * 

Bannister and Du Vergier, Anglysi^ 1914, 39, 34t, 
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dissolve the platinum, then washed with water, dilute ammonia, and 
water in succession, ignited at a high temperature and weighed as 
iridium. 

In the lead method, o*5 g. of the alloy is heated for one hour with 
5 g. of assay lead in a carbon crucible contained in a clay crucible, 
placed in a wind furnace. The lead button obtained is digested with 
two successive portions of 50 c.c. of dilute nitric acid (i : 10), the residue 
being treated with dilute aqua regia as in the cupellation method given 
above. The platinum may be determined in both methods by pre- 
cipitation with pure zinc and subsequent ignition of the metal in | 
hydrogen. 

\ 

5. Analysis of Metallic Platinum.^ 

Commercial or Impure Platinum^ Ten g. of the metal is dissolved 
in aqua regia and the solution evaporated with 6 g. of sodium chloride. 
The residue is evaporated several times with water, then heateli for 
one hour at 120°, treated with about 100 c.c. of water and the solution 
filtered. The small residue may contain silicates, iron salts, silver 
chloride, etc., and is analysed separately. The, solution is diluted to 
500 C.C., made faintly alkaline with o-8 g. of sodium bicarbonate, heated 
to boiling, cooled, and again heated with a solution of o-8 g. of sodium 
bicarbonate in 20 c.c. of saturated bromine water: the solution should 
remain faintly alkaline. 

When a test portion of the yellow solution no lon^^er gives a dark 
coloration with the hypobromite solution, the whole is filtered (after 
the addition of alcohol, if necessary, to coagulate the precipitate) an^ 
the black precipitate is washed with water, the filtrate being heated 
with alcohol and filtered through a separate filter. The solution 
contains practically the whole of the platinum as platinum sodium 
chloride, and the precipitate consists mainly of the bxides of thrf 
foreign metals present, tog^her with some platinum. precipitate 

is dissolved in hydrochloric acid and saturated with ammonium cl^loride; 
the precipitate obtained is filtered after standing one hour and is 
washed with ammonium chloride solutioft. This precipitate contains 
a little platinum with palladium, some iridium and possibly ruthenium. 

It is heated in a current of hydrogen, ultimately to incandescence, and 
the reduced metal* treated with dilute a,qua ‘regia ^l^hich dissolves 
platinun! ’and palladium. * • 

The insoluble residue conSsts of iridium and may contain ' 
ruthenium. After wei|hing, it is fgnitfd witlt 0 5 g. of sodium nitrate 
•in a gold or silver spoon.* Ruthenium, if present, wil] dissolve in the 
^ melt forming a yellow mass,‘whire iridiita remains as a blue reUdue 
.which is separated and weighedr the^ a^u^ regia sdlution of platinum 

1 Mylius and NazziTccteUi, Z. anorg. 1914, 89, i Sec. Chttn. Ini., 1915, 34, 84.* 
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and palladium is treated with ammonium chloride for the precipitation 
of platinum, and the palladium is precipitated from the filtrate by 
means of mercuric cyanide. The filtrate from the first precipitation of 
platinum, iridium, etc., is evaporated to dryness with 3 c.c. of dilute 
nitrip acid and the residue treated with dilute nitric acid so as to 
obtain a solution nearly saturated with ammonium chloride ; if there is 
any* residue it is filtered off, washed with a nitric acid solution of 
ammonium chloride, and added to the main palladium-iridium- 
i^ithenium precipitate for treatment as above. The filtrate obtained is 
evaporated with hydrochloric acid, the residue dissolved in 5 c.c. of 
water with the addition of one drop of dilute hydrochloric acid and 
then rapidly saturated with hydrogen sulphide at about 18°. The 
black precipitate of copper and gold sulphides is filtered off and 
washed, and the gold and copper ^re separated. 

The filtrate from the gold-copper precipitate is warmed and treated 
with* hydrogen sulphide for half an hour. The excess of hydrogen 
sulphide is boiled off and the brown precipitate, which consists of 
rhodium sulphide, is filtered off. This is ignited in hydrogen and 
weighed. The solution from the rhodium may contain iron, zinc, 
nickel and cobalt, which are .separated by a suitable method. 

Nominally Pure Platinum, Fifty g. of the metal is converted into 
the sodium platinum chloride as described above, which is crystallised 
several times from a one per cent, solution of sodium carbonate. The 
mother liquor^ together with the solution obtained by^ treating the 
small quantity of insoluble matter left from the first operation, are 
evaporated first with aqua regia and then with hydrochloric acid and 
the residue heated to 150°, taken up with water and filtered. This 
solution may be analysed as described under impure platinum. 

6. Dental Alloys. 

9 * 

A Retailed procedure for the analysis of dental gold alloys which 
usually contain gold, platinum, palladium, iridium, rhodium and copper, 
is given by W. H. Swangef.^ All the constituents of a dental gold 
alloy are usually determined in the same sample. 

. A 2 g! sample is dissolved in 25 c.c. of dilute aqua regia, the silver 
chloride formed being* brojeen from time to tiftie with a glass rod 
untir the allpy is completely decomgojed, after which the Solution is 
evaporated to small bulk, 200 c.c.^ of water is added and th^ whole 
digested on the steam t>ath fijr one hour. * 

(a) Silver cqid Iridimn. The silver chloride is filtered off, an<f 
aftA washing well with watftr is dissol>fed by poutiftg on hot dilute 

• ^ ^ 

^ ** Analysis of Dental Gold Alloys,^ Stmt^c Papers of the Bureau 0/ Standards, No. 532, 

Wiu^jiingtQn, U.S.A., 1926. * • • • * 
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aramonium hydroxide. Iridium, if present, is left as a black metallic 
residue on the paper, and after washing several times with hot i per 
cent ammonium hydroxide, both are transferred to a beaker and 
digested for thirty minutes on a steam bath with 15 to 2$ c.c. of dilute 
ammonium hydroxide. The residue is filtered off on a small paper, 
washed well with hot l per cent ammonium hydroxide, transferred 
with the paper to a porcelain crucible, dried and ignited in air. 
After the combustion of the carbon is complete, the residue is ignited 
in hydrogen (Rose crucible method), allowed to cool in an atmosphere 
of the same gas and then weighed as metallic iridium. This method 
is satisfactory when not more than o-2 or 0-3 per cent of iridium is 
present in the sample, and is suited to dental alloys, which do not 
usually contain over 0*2 per cent 

Silver chloride is reprecipitated# from the ammoniacal filtrates and 
washings by acidifying with nitric acid, after which it is filtered off 
on a Gooch crucible, washed well with water, dried at 110° and 
weighed. 

Platinum and palladium contained in the filtrate from the repre- 
cipitation of the silver chloride are recovered and added to the main 
solution of the sampl(^ obtained from breaking down the alloy with 
dilute aqua regia. The procedure is as follows : The filtrate from 
the reprecipitation is evaporated to dryness and ammonium nitrate 
destroyed by cautiously adding hydrochloric acid. The residue is 
evaporated to a small volume, transferred to a porcelain crucible, 
evaporated to dryness and the residue fused for thirty minutes with 
10 g. sodium pyrosulphate. After cooling, the melt is dissolved in hot 
water, heated to incipient boiling, and at this temperature sulphuretted 
hydrogen gas is passed for half an hour. The platinum and palladium 
sulphides are filtered off, washed, ignited to metal, dissolved in a few 
dc. of dilute aqua regia and the solution, after filtering off any silica,* 
added to the main solution ©f the sample. • 

(b) Gold. Gold is now determined in the combined solutfon in 
the following manner: — The liquid is ‘eyaporated to dryness on a 
steam bath, the residue taken up with a little water, 10 c.c. hydro- 
chloric acid added and the liquid diluted to about 200 c.5. 50 c.c. 

of a saturated solution of sulphur dioxide is added^ the solution 
digested on the steam •bath for one; hour^ a further 20 c.c. of the 
solution aSded and set aside t§*gool. The supernatant liquid, which 
should ♦smell strongly pf sulphur dioxide, is decanted off, through a 
pulp filter, an (5 the precipitated gold WashedT by decantation with a 
hot I per cent, hydrocmoric acid scjjutioh, passing t^e washings 
through the filter. The laltt^r ^ then washed^ thoroughly and 
teturned together with thef small anwifnf of jgold caught on it to 
the beaker. 



DENTAL ALLOYS 


159 


^The precipitated gold, which carries appreciable amounts of 
platinum and palladium, is dissolved in 20 c.c. of dilute aqua regia, 
and after filtering and washing with i per cent, hydrochloric acid, 
the filtrate is evaporated to dryness on a steam bath. To ensure 
the ccynplete removal of nitric acid 3 c.c. of hydrochloric acid is added 
and the evaporation repeated two or three times. 

Tlie final residue is taken up with 5 c.c. of hydrochloric acid, about 
10 drops of sulphuric acid and 150 c.c. of water, and the gold is 
pi^cipitated by adding 50 c.c, of a saturated solution of oxalic acid 
and boiling for fifteen minutes. The gold which is precipitated as a 
bright metallic sponge is filtered off, washed thoroughly, ignited 
and weighed. 

(c) Palladium. In order to recover the platinum and palladium 
precipitated with the gold by sulpjiur dioxide, the above filtrate is 
evaporated to dryness, 5 c.c. of sulphuric acid added and the mixture 
evaporated until only a little acid remains. The residue is treated with 
IOC.C. of dilute aqua regia to dissolve the metals, the solution is filtered 
off and added to the filtrate from the first precipitation of the gold. 

The combined solution is evaporated to dryness, the residue dis- 
solved in 10 c.c. of dilute aqua regia, the resulting solution is diluted 
to about 250 C.C., coole<J to is'’, after which sufficieitt dimethylglyoxime 
^(l per cent solution in alcohol) to precipitate the palladium is added; 
I g. of palladium is precipitated by 2-2 g. of the reagent 

The solution^ which must not be heated* is allowed to stand one 
hour, after which the precipitate is filtered off on a paper of suitable 
size and washed well witl>hot water. Paper and contents are returned 
to the beaker, treated with 25 c.c. of dilute aqua regia and heated on 
a steam bath until the precipitate is dissolved. The paper pulp is 
filtered off, washed with hot water and ignited, any metallic residue 
tliercfrom bein^ dissolved in a few c.c. of dilute aqua regia and added 
to the main pailadium solution. About 250bc.c. of water is now added, 
the palladium precipitated as before, collected on a Gooch crucible 
washed with hot water, dried at no'" and weighed. Precipitate 
X 0-3167 = Pd. • 

(d) Copper. The filtrates from the palladium precipitation are 
dombined and evaporated to dryness. The residue is dJjjested on 
the steam batlf with J c.c* of nitric acid, and^the* solution is again 
taken* to drypess, after which tlie residue is treated with* 10 c.c. 
of hydrochloric acid and enough wjter to dissolve the salts prjssent. 

If copper is present itfis determined, after reSuction By a saturated 
solution of sulphujr dioxide in water, by the thfbcyanate method (p. 179). 

Rhodium and PlatinuSi* TJie filflrate from ‘tlte copper, thio- 
cyanate is evjporaled to ^dryiiejs, the* residue is digested with 5 to 
10 ♦c.c. of nitric acid to destroy th^ excess of thiocyanate, and after 
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evfi^porating to dryness a second time 5 to 10 c.c. of sulphuric acid 
is added and the mixture evaporated to “fumes.** After cooUng, 
20 C.C. of dilute hydrochloric acid is added, the solution is diluted 
with 100 c.c. of water and filtered. The residue is leached with dilute 
aqua regia to dissolve any trace of platinum retained by ^t, the 
solution is evaporated to expel nitric acid and subsequently taken 
up with hydrochloric acid and added to the main solution, ^hich 
contains platinum, together with rhodium, nickel, zinc, and manganese, 
if present. A fairly rapid stream of sulphuretted hydrogen is pas^d 
through this solution for at least thirty minutes, while it is heated/ 
to incipient boiling, the precipitate is filtered ofif, washed thoroughly 
with hot I per cent, hydrochloric acid, ignited over the full heat on 
a Bunsen burner and the platinum-rhodium sponge weighed. \ 

Separation of the rhodium fropi the platinum is made by Wichers* \ 
method^ in the following manner; — The sponge is dissolved in 15 
to 20 c.c. of aqua regia, the solution evaporated nearly to dfj^ness 
and then diluted to 200 c.c. The free acid is neutralised with sodium 
hydroxide solution, using crcsol red as indicator, then suspended 
barium carbonate (freshly prepared by mixing 5 c.c. of a solution 
containing 90 g. of barium chloride per litre and 5 c.c. of a solution 
containing 36 g. of anhydrous sodium carbonate per litre) is added, 
the solution rapidly heated to boiling, and after boiling two minutes ^ 
the residue is filtered off and washed well with hot 2 per cent, sodium 
chloride solution. The residue is returned with the paper to the 
beaker, digested with dilute hydrochloric acid (1:4), the solution is 
then freed from paper pulp by filtration,# again neutralised, and 
treated with barium carbonate exactly as before ; it may be necessary 
to repeat this operation again to ensure complete removal of platinum. 
The rhodium hydroxide-barium carbonate mixture is subsequently 
dissolved in dilute ^hydrochloric acid and the rhodium*is precipitate^ 
by the use of sulphureUed hydrogen. The rhodiqm* sulphide is 
filtered ofif at once, washed with a hot i per cent, ampionium 
chloride solution, ignited in a crucible, and finally reduced and cooled 
in an atmosphere of hydrogen, using a* Rose lid and delivery tube. 
The residue is weighed as metallic rhodium and the weight thus 
obtained ss subtracted from the weight of mixed sponge* to obtain 
the weight of platinum. ^ • • 

{{) ^nc, Nickel, ManganciA. T^e filtrate from th^ original pre*- 
cipit^tion of platinum and rhodium as sulphides is treated by one 
of the methods in general use for th« deteifnination of these metals. 

Recovery of Platinbm from Platinira Residiies* obtained in 
potassium estift^ions ; cf. p. 4C)b. * • * “ 

• ® ^ • 

^ y. Mfier, Chem. Socm, l%2^, 46, 1818. 
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The most important ore of mercury is Cinnabar^ which, in its 
purest form, contains 86-21 per cent of mercury; tiny drops of 
metallic mercury are occasionally found in it 

Idrialite is a peculiar variety of cinnabar from Idria; it is a mixture 
of cinnabar with idrialine (a hydrocarbon which is present in idrialite 
t9 the extent of as much as 75 per cent), iron pyrites, clay, and gypsum. 
Hepatic cinnabar and the spathic iron ore of Idria contain cinnabar, 
idrialine, bitumen, and other carbonaceous substances, in very varying 
amounts. 

Other mercury ores are Calomel, Mercury selenide, and the Silver 
amalgams, containing varying percentages of mercury, but they are 
not found in large quantities and do not call for commercial examina* 
tionr* As much as 17 per cent of mercury occurs in some Hungarian 
and Tyrolese fahl ores. 

The most frequently employed method of assaying mercury ores 
is the rapid gold amalgamation assay, due to Eschka ; it gives satis- 
factory results. Distillation tests, in which thg mercury is collected 
as such, are practically only used as works’ tests. Purely analytical 
, wet methods are very seldom used, though electrolytic methods are 
occasionally employed. 

^ Distillation Test for Mercury. 

• 

Average. samples, up to 2 kg. in weight, are mixed with from one- 
half to an equal weight of black flux, and heated to a bright red heat 
in earthenware or iron retorts or pipes, and the mercury is condensed 
by water-coolmg. 

H. Rosens ^ distillation method, carriecj out on a smaller scale, 
gives very good results. The mercury compounds (cinnabar, calomel, 
corrosive sublimate, sulphate, efc.) are decomposed with calcium oxide 
at a moderate temperature^ in a hard glass combustion tube ; the 
mercury vapour is driven out of the tube by means of carbon dioxide, 
and conddhsed by cooling. The method is carried out as foUows : — 

A layer of i:t)ughly powdered magnesite (wlw:h is better than either 
chalk or sodium bicarbonate), 2$ to mm. in length, is introduced 
into a combustion tube closed at one %nd and having a length of 30 to 
45 with a diameter <ff 10 tp I5*mm. ; a miScture of •ore and burnt 
lime, and then a Jayer of lime and a loose p>ug of asbestos, are placed • 
in frt>nt of the magnesite. TM end of the tube is drawn out and bent 
downwards at^an obtuse angle^ Bj^cafefirily tapping the tube, while it # ^ 

^ Ro9e-Finkeutr, Ilaftd6$tck <4 anafyitscktrfiCAemie, vol. iij^ pfi, 187 ef stg^ 

XL - . - 
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is held in a horizontal position, a channel is formed for the subsequent 
escape of the carbon dioxide. The tube is placed in a furnace, which 
slopes slightly, and is heated, first at the end where the free lime is 
contained, until it attains a red heat at this section ; the mixture itself 
is then heated, and finally the magnesite. The drawn-out end of the 
tube dips under water contained in a small flask, in which almost all 
the mercury is collected ; the end of the tube is cut off, and the drops 
of mercury remaining therein are washed out and added to the bulk in 
the flask. An open combustion tube is sometimes used, coal gas being 
passed through during the distillation. The collected mercury is trans- 
ferred to a tared porcelain crucible, the water poured off as completely j 
as possible, and the remainder removed by absorption with filter paper, 
after which the crucible is placed for a short time in an air-bath (or 
preferably for several hours in a desiccator over sulphuric acid), dried, 
and weighed. 

This method must be used if the material under investigation 
contains notable quantities of mercury salts (chlorides, sulphates), 
which volatilise partially undecomposed, if the Eschka method is 
employed. 

The Esbhka Gold Amalgamation Assay. 

This method has been especially worked out in Idria. A Meissen i 
porcelain crucible is used in the assay, about 45 mm. deep, upper 
diameter 48 mm., lower 22 mm., and of 50 c c. capacity ; the edge must 
be tr.ue, and it must be provided with a well-fitting lid of gold, weighir^g 

about 10 g, having a depth of from 
6 to 8 mm., and of the shape shown in 
Fig. 44. 

According to C. Winkler, a lid of pure 
silver may be used, but a very small 
mercury deposit cannot then be detected 
with certainty. • 

Holloway used a flat silver plate kept 
cool by means of a stream of cold water 
running through a metal box^ placed on 
the top of the plate. 

The ^amount ot ore to be taken for 
tkt^ assay depends on the richness in 
mercury: with ores containing up^o i per cent., 10 g. should be taken; 
with 1*5 to xo per cent, of mercury, 5 g. ; witji very rich ores, 0*5 to 2 g, 
suffice. The approximate value is ascertained by a prelilpinary assay, 
Using. I g. of mSterial. The*org mixed in the crucible *with h^f its 
weight of iron filings, whichmjust be absolutely free from eily impurities, 
a 5- to lO-mm. layer of iron filings put on the top, and the weighed gold 


_r 
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Of silver lid placed in position and carefully pressed tight on to the 
crucible edge by means of a smooth metal plate ; the lid is filled with 
distilled water, and the crucible bottom is then heated for ten to fifteen 
minutes by means of a gas or spirit flame. The crucible should be 
placed in an asbestos ring in order to protect the upper part of the 
cruci|)le and the lid from unnecessary heating. After cooling, the 
lid is removed, the water poured away, the lid washed on both sides 
with alcohol, dried on a watch-glass over a hot water-bath for two or 
three minutes and weighed after a quarter of an hour. The mercury 
is subsequently removed by heating the lid carefully over a small 
Bunsen flame, in a draught cupboard. 

If too much ore is taken, the large quantity of mercury deposited 
on the lid requires very careful washing, and the lid is also affected by 
the excessive amount of mercury, and after volatilisation of the deposit, 
the surface remains rough and no longer fits accurately on the crucible ; 
a.preliminary assay should therefore be made, if the mercury content of 
the ore is quite unknown. 

Small losses of mercury, during the progress of the assay, are 
unavoidable. Balling states that in Idria the following corrections 
are added : — 



Ore Value. 

Correction. 


11 g per cent. 

Per cent. 

• 

Up to 0*4 

0*04 


0-4 „ 07 

0-06 


0-7 1 

0*08 


1 M 3 

0*16 


8 „ 5 

6 „10 

0*20 


0-25 


10 „ 20 

0*35 


20 „30 

0-45 

• 

80 and over 

0*50 

• 


Bitqjninous ores, when decomposed by means of iron only, give 
tarry distillation products, which collect with the mercury and cannot 
he removed by mere washing. According to Eschka, if red lead is 
added complete combustion of the bitumen is effected, but there is, 
at the same time, a slight volatilisation of lead, and also a "superficial 
oxidation of the* mercury. , ^ • * 

To overcome this difficulty, the following modification of thb* Eschka 
process is employed in Idria : ^ — Riclj and medium ores are mixe^ with 
weU-ignited hammer-scal^ which has been passed througfi a fine sieve; 
above this is placed a layer of hammer-scale, ^nd, on top of all, oxide of 
ainc Poorer ores are mixed Vlth ^nited Isarium cSrUonate, aqd the 
tnixture is covered with hapxncr-^^cale and*zinc oxide. 

' * * • • « 

^ w, ZetU ^ 1890, 49, 156, 
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For poor ores the weight taken is lo g., for richer ores 2 g., for fume 
0*5 g, ; 10 g. of hammer-scale is mixed with the sample by means of 
a glass rod, the mixture is covered with lo g. of hammer-scale, and 
above this is added about 3 g. of zinc oxide. 

R. Biewend^ has considerably improved the Eschka assay.* He 
advises that no more material shall be taken than will produce o*^,g. of 
mercury. Instead of iron he uses copper filings ; to aid in keeping 
back the heat from the gold amalgam, he recommends covering the 
mixture with calcined magnesia. The separation of the mercury*is 
effected in two stages. The greater part is distilled off at the lowest 
possible temperature, then, after cooling, a second lid is put on and the 
crucible is heated to redness. To protect the lid from the heat of the 
flame, the crucible is placed in a hole cut in asbestos. Biewend found 
that the loss, even in the assay of pure cinnabar, did not exceed 0*2 
per cent. 

C. Ehrmann and J. Slaus-Kantschieder ^ found that the Eschka 
method was not suited to pyritic ores, and assayed Dalmatian ores 
of this character by heating in a current of chlorine.^ 


• Amalgams. 

The mercury in gold and silver amalgams is usually determined by 
distillation from glass or iron retorts, the gold or silver being subse- 
quently cupelled and weighed, and the mercury ascertained bv 
difference. • ^ 

Dental amalgams are heated in a porcelain boat in a combustion 
tube in a current of hydrogen. About i g. of material is used, the tube 
heated quite gradually to a red heat, and the mercury determined by 
loss. ^ 

A similar methojl is employed for white metals (anti-Yriction metalS) 
containing mercury. , 


Hlectrolytic Methods of Determination. 

Several of these methods have been introduced in practice 
De Esfosura^ heated 0-5 g. of finely powdered ore ,'n a porcelain 
dish with 10 to IS P.C. of hydrochloric acid and 20 c.c. of ivater,o-5 to i g 
of potassium chlorate was added, a. little'at a time, and the heating 
continued until the cinnabar vfas completely dissolved ; Jo c.c. of water 
was then added, and the free thlorine boiled off. Selenium and 
e lurium were precipitated by adding 20 <sc. of a saturated solution 

> Pj Zei^ 19&, ; dhhn. ZeiU, ,903, ay.^oo. • 

26, 20c ; J. Sol Chem. Ind., 1903, 

Fresemv^QuaHiiiaiwt Anafysist 7th%diLn, ♦oL ii., p. 384. * « 

x8g6r4S. 3,95 /. S . C . so , 650. 
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o/ammonium sulphite and boiling for a few minutes; after standing 
for half an hour, the precipitate was filtered off and washed until the 
filtrate amounted to about 200 c.c. The filtrate was electrolysed for 
twenty to thirty hours, using two Bunsen cells, a cathode of gold foil, 
and an anode of platinum foil ; after the electrolysis was completed, 
the cathode was washed with alcohol, dried, and weighed. A number 
of assays can, of course, be carried out simultaneously by this method 

According to a more recent method of de Escosura, the ore may 
b^ electrolysed without previous solution ; 0*2 g. of 10 per cent, ore is 
treated cold in a platinum dish with 10 c.c. of hydrochloric acid, 90 c.c. 
of water, and 20 c.c. of a cold, saturated solution of ammonium sulphite. 
The dish serves as the anode, and a piece of gold foil is used as the 
cathode. 

This method is a modification af that due to Classen,^ who treats 
the ores with water acidified with hydrochloric acid, or with a 10 per 
cent.**solution of common salt, and adds ammonium oxalate. The 
mercury is then deposited on a matte platinum cathode placed in the 
solution. 

According to Classen, about 0-3 g. of mercury can be deposited 
completely from the ammonium oxalate solution^at ordinary tempera- 
tures, in from two to three hours, with an E.M.F. of 4 to 475 volts and 
, a current density of 0-93 to i-02 amperes per 100 sq. cm. of cathode 
surface. 

Edgar F. Sqjith deposits the mercury from a potassium cyanide 
solution. To the oxidised solution containing about 0-2 g. of mercury, 
about 0*25 to 2 g. of potassium cyanide is added, the solution diluted 
to 17s c.c. with water, and electrolysed. According to Classen, the 
current density to be employed is 0*03 to o*o8 ampere per 100 sq. cm., 
and the E.M.F. 1-65 to 175 volts. 

• Brand ^ adds a slight excess of sodium pyrophosphate to the oxidised 
solution, dissolves the precipitate in aqueous ammonia or ammonium 
carbon^e, and electrolyses with a current capable of producing 2 c.c. 
of electrolytic gas per minute j •! g, of mercury can be deposited in five 
or six hours. 

Rising and Lenker® dissolve cinnabar in a strong solution of hydro- 
bromic acid, neutralise with sodium hydroxide, add potassium cyanide 
to the diluted solution*(sec; E. F. Smithes method;, and deposit the 
mercury on a» platinum cathode by a*\iery weak current. 

Mercury may also be determingd electrolyjtically the use of 
a rotating anode with of, without a mercury cathode ^ Copper, 

• , • 

QuaHtittUive Chtmkal An^ytis by Ekctrol^sis^ t ^ 

^ Z. angm. 2891, 4, aoa ; j4Che^* Soc^ Absir.^ 1890, 58, 294. 

® /. A^ir. Chim. Z% 96. • 

* C£. EkUrihanalyluy £. F. Smith, 1^8. # 



' MEECURY 

170-7). With the rotating anode only, the whole of the metal in an 
<^ectroiyte containing 0-5 g. of mercury, as mercurous nitrate, and i cc. 
of nitric acid, made up to 1 15 c.c., may be deposited in ten minutes with 
4 current of 7 amperes at 7 volts, the anode rotating 700 times per minute. 

According to M. Perkin,^ the determination of mercury electro- 
Jytically with a gold cathode, or with a rotating silver electrode, |[ives 
high results, and he considers that the best results are obtained with a 
rotating anode and a mercury cathode. 

Examination of Mercury for Impurities. 

If mercury, freed from fatty matter and dust by means of hot 
sodium hydroxide, does not exhibit a bright, convex surface, but fouls 
glass, and if about i c.c., shaken round in a large porcelain dish, leaves 
a tail of metal and shows dark-ooloured streaks, it contains foreign 
metals, such as tin, lead, zinc, copper, bismuth, and cadmium. 

To detect individual impurities about 20 g. is distilled in a'^lass 
retort until only about i g. remains, and the residue examined. After 
dissolving in hot nitric acid of sp. gr. i-2, any meta-stannic acid is 
filtered off, after addition of water, the filtrate evaporated down with 
sulphuric acid to precipitate lead, and mercury, copper, and bismuth 
precipitated in the filtrate from the lead with sulphuretted hydrogen. 
Hot nitric acid dissolves the copper and bismuth from this precipitate ; 
the presence of copper is shown by the blue colour obtained on the 
addition of excess of ammonia, and bismuth by the wlyte precipitate of 
basic nitrate, obtained by boiling down the solution and then diluting 
with water. Zinc, cadmium, and iron can be detected in the filtrate 
from the precipitate obtained with sulphuretted hydrogen. 

A method for the complete quantitative examination of mercury 
has been worked out by Fresenius.® 

• 

The purification of Mercury. 

Mechanical impurities, such as dust, grease, etc., may be Qpmoved 
by allowing the mercury to trickle into*a^tall cylinder, filled with a hot 
dilute solution of sodium hydroxide. After washing with water the 
metal is dried by means of a towel in a large porcelain dish and 
poured through a perforated filter paper until only about i c.c. remains 
behind, ,^If the impurities consist of jjissolved metals (lead, zinc, copper, 
tin, etc.),*the purification may»bg effected chemically, by. treating with 
acids, •etc. ^ , , 

Thorough shaking of^impure raercary witli a nitric acid solution of 
mercurous nitrate dissolves the foreigp metals ; a mfectuVe of chromic 
acid and sulphuric acid is also ^atiffactory as a purifying ^ent. * 

‘ Trans. Faraday Soe., 1909-10, 45 ;*/ tTof! Shetti, Ind.^ 1909, %8, 49$, 

® Quaniitatii/i Analysis^ vol. fi., p. 379. t 
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The following method, due to R. Finkener, as modified by Ulex, is 
especially satisfactory: — About 5 kg. of impure mercury is thoroughly 
shaken in a strong stoppered bottle of 2 litres capacity, with 250 cc. 
of ordinary hydrochloric acid and 75 c.c. of a concentrated solution of 
ferric; chloride. In three to six days, a subdivision of the mercury into 
tiny globules, covered with a layer of mercurous chloride, takes place. 
After treatment for several days, the contents of the bottle are washed 
into a large, strong porcelain dish of about 5 litres capacity and 
wjashed four times with 2 litres of hot water, acidified with hydro- 
chloric acid, to remove lead chloride, etc., the washing being accom- 
panied by thorough agitation. The dish is then placed on a heated 
water-bath, and a concentrated hydrochloric acid solution of 200 g. of 
fresh stannous chloride poured on to the mercury and the whole 
warmed and stirred, at the same time, with a porcelain spatula until 
the mercury has all run together ; the mercury is then washed in the 
4ish*with running water, dried with clean towels, and filtered through 
a perforated filter paper. 

The best method for freeing mercury from foreign metals is by 
distillation, the surface being covered with iron filings. The distilla- 
tion is often carried out in vacuo ; many forms apparatus have been 
described for this purpose.^ 


COPPER 

Wet methods are almost exclusively employed in the assaying of 
Cupreous materials including all raw materials, the various classes of 
metallic cop'pejr and alloys. The dry methods are tedious, lengthy, 
and noj accurate ; reliable results are obtainable only in the assaying 
of ores containing native copper, such as the products dealt with at 
the smelting works of the Cake Superior district^ Both in England 
and in America the dry assay is occasionally taken as a basis for sales ; 
in Germany the wet methods only are recognised. 

The Cornish Dry Jhsay'^% an adaptation of»€net^llurgical processes 
on a Very sm^ll scale, to determine the^amount of copper thS smelter 
may expect to extract, and also to inSicate any .special difficulties that 
are likely to be met witR in th% refining of the^metal extracted, rather 
• • • 

^ €/, HulettfZ. physik Cherniy igocf 35, 6ii Sm* Chem. /«</., tiggo, 19, 12 %\ cf. also, 
Z 1921, 359, 443. ^ • • 

y , ^ Fire**Asifty for Cop|ier,”# 0 . IS Heath, Ckem* Soc,y 1902, 24, 699 ; J* 
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than a method for the exact determination of the copper contents. The 
principal stages in this assay consist of— (i) the concentration of the * 
copper in a regulus by fusion with suitable fluxes in a crucible ; (2) the 
roasting of the regulus to convert the sulphides into oxides; (3) the 
reduction of the copper oxide by fusion with suitable fluxes., and 
reducing agents to obtain crude copper; and (4) the refining of the 
copper obtained. Low results are invariably obtained by this method, 
the margin being generally from i to 5 per cent., as compared with the 
wet assay. • 

There are many different methods of wet assay, gravimetric, 
volumetric, and colorimetric, and the one adopted will depend on 
the character of the material, the time available, and the accuracy 
demanded. 

The materials requiring to be assayed include the following : — 


Copper Ores. 


Native Copper, 

Sulphide Ores : — 

Chalcocite (chalcosine, copper glance) 
Erubescite (bomite) , 

Copper pyrites (chalcopyrite) 
Covelline (Indigo copper) 

ITennantite 


Oxide Ores : — 

Cuprite (ruby copper ore) 
Tenorite (melaconite). 
Malachite 

Azurite (chessylite) . 
Chrysocolla .• 
Atacamite . . • 


Composition. 


• CU2S 
. CujFeS^ 

. CuFeSo 
. CuS 
. CU(}^b2SQ 
. CuyAsgSc 


. Cu^O 
. Cub 

. CuCOg, Cu(OH)2 
. 2CUCO3, Cu(OH)2 
. a hydrated silicate 
. CuC4 3 Cu(OH)2 


The chief ore is copper pyrites, whijh frequently occurs in con- 
junction with lead and zinc ores, iron pyrites, stibnite, mispickel, etc. 

Copper Matte (low grade and high grade). — This often ^.equires to 
be assayed*both in works and commercial laboratories. Copper mattes 
are complex mixtures 75 f sulphides ^d may contain rnetallic copper ; 
besides copper, silver, iron, leBft^ and zinc, they often contain small 
quantities of nickel, cpbalt, tin, arsenic, antimony, etc. ; in technical 
^laboratories, as a rule, only the coppef, leadjand silver require to be 
^termined. In ^its purest form cogp^er tnatte approxjmates very 
^ closely, to the formula CU2S.* ^ ^ ^ 

^ Copper Speiss.— This •contains copper^ silver, iroa, nickel, etc, 
tombined chiefly* with arsenic* anS antimoii)^. 
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Copper Slags. — These consist of smelter slags ^ which are essentially 
silicates of iron and earthy bases low in copper ; converter slags^ in which 
silicate of iron predominates, about 2 per cent, of copper being present ; 
and refinery slags^ which may contain from 20 to 50 per cent copper 
as silicate. 

Blister Copper. — This is impure furnace copper, containing from 
95 to 98 per cent copper, usually with silver and a little gold ; the other 
impurities consist of iron, sulphur, lead, zinc, bismuth, nickel, arsenic, 
aptimony, etc. 

Cement Copper (copper precipitate) is the impure metal precipitated 
from solution by means of scrap or pig iron, and contains from 50 to 95 
per cent copper, generally associated with arsenic, graphite, and com- 
pounds of iron. 

Tough Copper. — This is refined marketable copper, and contains, 
as a rule, over 99 per cent of copper, a little arsenic, cuprous oxide, 
freqffently silver, minute quantities of the foreign metals found in blister 
copper, and traces of sulphur, and occasionally selenium and tellurium. 

Electrolytic Copper. — This is almost chemically pure, but some- 
times contains traces of lead, sulphur, bismuth, antimony, and arsenic. 

Alloys of Copper contain varying proportions of copper, tin, 
zinc, nickel, lead, aluminium, manganese, phosphorus, and arsenic as 
essential elements, and may contain small quantities of iron, sulphur, 
bismuth, antimony, cadmium, silver, and gold as impurities. 

Copper residues, copper scale, sweepings, etc. 

Liquors including solutions from various wet and electrolytic pro- 
cesses, mine waters, plating bath solutions, etc. 

A. Gravimetric Methods of Analysis 

♦ In these methods the copper is either deposited electrolytically as 
metal, or is* converted into a suitable com|)ound %uch as the sulphide, 
oxide, or thiocyanate ; the electrolytic method is the most widely used. 

Solution of the Material. 

Native copper is dissolved in nitric acid. Sulphide ores, such as 
copper pyrites, erubesite, chalcocite, covelline, fahl ores, etc.^ and copper 
mattes are ver^ finely ground and heated with strong nitric acid, tartaric 
acid*being a<Jded with fahl ores ;*or aqya regia (one volume 4Titric acid 
to two volumes hydrochloric acid) nfay be used. After all action has 
ceased, it is usual to adtl an e:^cess of concentrated sulphuric acid and 
boil on the hot glate untfl^sulphuric acid fumes begin to be evolved. • 

Malachife, azurite, tenoritfe,*and atacapmite dissolve^ easily in either 
hot dilute sulphuric acid ojt \fi hy 4 rofihlorj[c acid ; cuprite is dissolved^ ^ 
by dilute nitnc acid. • 



Copper silicates and slags are decomposed by long^continued boUmg 
With 50 cent, sulphuric acid and a little nitric acid, or, more rapidly, 
by warming with dilute sulphuric acid and potassium fluoride in a 
platinum dish, followed by ignition, to decompose the fluorides. 

Copper slags which have been properly chilled on taking the s^ple 
and crushed to pass a 1 00-mesh sieve, are completely soluble in dilute 
hydrochloric acid when the proportion of silica is below 40 per cent. 
Slag is, therefore, sampled at the furnace by dipping a small iron rod 
into it, and plunging the rod immediately into a bucket of water, or Ijy 
catching some of the slag in an iron ladle and pouring it into water. 
To obtain a hydrochloric acid solution of these slags a weighed portion 
of the finely divided sample is added to boiling water contained in 
a beaker and the whole stirred vigorously during the addition of the 
necessary hydrochloric acid in or^er to keep the slag in suspension. 
The stirring must be continued until there is no danger of gelatinised 
slag adhering to the bottom of the beaker ; the solution should thSh be 
boiled for a fcw minutes. 

Blister copper and tough copper are dissolved in nitric acid ; sweep- 
ings, etc., are treated as above with nitric acid or with aqua regia, after 
the organic matter has been burnt off. Copper alloys are dissolved 
or decomposed by nitric acid. 

I. The Electrolytic Determination of Copper.^ 

The general principles and methods of electro-analySs are discussed 
in Vo]. I., pp. 92-115. ^ • 

The method devised by Luckow^for the determination of copper 
and the various modifications subsequently introduced, depend on the 
quantitative precipitation of copper as a coherent and pure metallic 
deposit on a weighed platinum cathode. « • 

Acid solutions of copper nitrate or sulphate are ordinarily used in 
practice. 

The current required for the deposition can be obtainefi from 
primary or secondary batteries, from a* lighting or power circuit, or 
"from a small generator set, preferably working in conjunction with a 
storage bat^pry. The factors determining the source of current are the 
number of determinatiojis to be made daily, the availability of a lighting 
or power d^pply, and the cost of installation *and current. 

^ An Account of the methods for the electeoljtic determination of copper is given In the 
following works on* electrolytic analysis : — • ^ 

* Quantitative Chemical Analysis%y Electrolysis^ A. Classes, translated Jjy Wk T. Hall, 1919. 

Practical Methody)/Elictro-Chemislty^V • 

► Electro-Analysts^ E. F. Smith, 191^ • % • 

* Analyse des Mitaux par PlectrolytCy A. Hollard on^ L.* Bertiaux, 1006. o 

* Z, anaL Chem,^ 18^9, 23. 
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If primary cells are used for the electrolysis, Bunsen, Grove or 
Dantell batteries may be employed. With two Bunsen cells, 20 cm. in 
height, four determinations, from solutions each containing from 0-5 g. 
to 1‘0 g. of copper, can be carried out simultaneously in from six to 
eight> hours, provided the solutions are of approximately the same 
copi^er content and contain about equal amounts of free nitric acid. 

An ammeter and a voltmeter should always be inserted in the 
circuit, and adjustable resistances should be employed for the regulation 
of the current. The arrangement of the circuits with these necessary 
adjuncts has been described in Vol. L, pp. 92-115. 

Platinum Apparatus and Stands. — The forms of electrodes vary 
considerably, according to the quantity of copper it is required to be 
deposited and the desired rate of deposition. For small quantities of 
copper and with slow deposition stationary electrodes are used, but 
where rapidity of deposition is required one of the electrodes is made 
to rotate by suitable motive power, or the liquid is stirred in other 
ways. Stationary electrodes may consist of a cylindrical cathode of 
platinum foil, and a platinum wire anode, for small quantities of copper ; 
for larger quantities of copper, a large truncated cone is employed as 
cathode, with a positive electrode of thick wire ^(91^ Vol. I., Figs. 37-40, 
pp. 98-100). 

When cylinder or cone cathodes are used the electrolysis can be 
carried out in presence of insoluble material, such as gangue, etc., which 
remains at the^ bottom of the containing vessel; such cathodes are, 
therefore, especially suitable for the deposition of copper from the 
unfiltered solution obtained by boiling down the sample of ore with 
nitric acid and sulphuric acid, followed by treatment of the residue 
with water. 

Classen’s platinum dish cathode is stamped or hammered from 
platinum foil Containing about 10 per cent, of iridium. It weighs about 
35 g'> is 9 cm. jn diameter, 4 2 cm. deep, and has a capacity of 250 c.c 
The aqode consists of a perforated platinum disc, 4-5 cm. in diameter, 
attached to a stout platinum. wire. The dish, when in use, rests on 
three platinum contact poinfs on a metal ring. The ring and support 
for the anode are capable of being adjusted on the thick glass stem of 
the stand (r/ Vol. L, Figs. 41-43, p. 100). With this arrangement the 
contents of th 5 dish cdh bq warmed by means ©f a %mall Bunsen flame, 
placed undesneath ; a piece of thin asbestos sheet, supportfed about 
I cm. below the dish, equalises thereat. 

Losses of liquid thrdj^gh’spitting, due to th*^ ascendifig gas bubbles 
Cnay be avoided,by covering the containing Vessel with the two halved 
of a dividetf clock-glass, the straight edges being ndtched, by means of 
^ silaall rouncj file with tujpentiqe as a*luBricant, so as to take the wires« 
ipf idie cathode and ano'de.. 
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Haay iHiethbds^ have been devised for the rapid determination 
of copjp^ by the use of strong currents, high voltage, and in some 
instances hot solutions, in conjunction with rapidly revolving electrodes, 
in order to obtain compact and adhesive deposits of the metal. Either 
the cathode or the anode is made to revolve. When the latter method 
is used, the anode may be either a spiral wire or a small dish, ^ cm. 
in diameter and 3 cm. deep, containing slits perpendicular to the 
edge and a circular opening in the bottom ; by this arrangement free 
circulation of the liquid is insured. • 

During the deposition of copper on a platinum dish cathode, the anode 
is made to revolve at a speed of from 600 to 700 revolutions per minute. 
A much more concentrated copper solution may be used than under the 
ordinary conditions of electrolysis, and it can be heated to near the 
boiling point. Slightly acid sulphuric or nitric acid solutions, or 
ammoniacal or alkaline cyanide solutions, may be used. In the acid 
solutions there should be about i c.c. of free sulphuric acid (iTio). 
or 0-5 C.C. of free nitric acid (i : i). 

With sulphuric acid solutions, containing about 0-5 g. of copper 
diluted to 125 c.c., and heated nearly to boiling, the copper is deposited 
in about five minutes vjjth a current of 10 to 15 amperes and an E.M.F. 
of 8 volts. 

For the determination of copper in pyrites, etc., it is often convenient 
to use an ammoniacal solution, and the following method may be adopted. 
The finely divided ore is decomposed with nitric agd, the solution 
evaporated to dryness, the residue moistened with a few drops qf 
nitric acid and diluted with water; the resulting solution is then 
heated and filtered into a weighed platinum dish, where it is mixed 
with an excess of ammonium hydroxide. The iron present is thus 
precipitated as hydroxide, but may be left in the dish. The anode is 
put in motion and ti^e solution electrolysed. The thoro‘ugh agitation* 
of the solution by the anode prevents any of the ferric hydroxide 
becoming attached to the deposited copper. With a dilution to 
125 C.C., a current of 9 amperes, and .an E.M.F. of 8 volts, fifteen 
minutes are required for the deposition of about 0-5 g. of copper. 

Rotating cathodes have found considerable application in works’ 
practice, and the most convenient form consists of a cylinder made of 
platinum ^gauze as ^hoti^n in Fig. 45.^ A convenient w*eight is about 
15 g., and the central spindles made of platinum hardened with 
iridiuny The anode used in conjunction with this type of cathode 
is of about thd same weight, and consicts* of,^ cylindrical framework 
of larger diameter than tJie cathode, made of strips of platinum foil 
attache^ to platinlim wire rings.* ^ Tlits* is shown in Fig. 45, from 
*which it will be seen that iHe platinynk foij is bent at^right angles 

^ Voi? L, pp. 102 - 108 . * 
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along its length in order to agitate the solution thorottghly. R. C. 

Benner ^ uses electrodes of sand-blasted platinum gauze. 

Details of a compact form of apparatus for six- and ten-unit sets 
are given by J. L, Jones,* in which the platinum gauze electrodes are 
stationary, and the stirrers consist of tungsten rods having glass 
propeller screws fused on the ends. 

'f'he Process of Electrolysis. — If other metals besides copper are 
present, the nitrate solution should contain not more than lo per cent. 
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of free nitric acid of sp. gr. 1-2 ; for pure copper solutions 3 per cent, 
suffices. Sulphate solutions should contain preferably fsom 3 to 5 
per cent, of free sulphuric acid and 0 5 per c^t. »f free riitric acid of 
sp. gr. i'2. If free nitric acid is^ot present, the copper is lU«ely to be 
deposited in a spongy form, when if does not adhere satisfactorily to 
the cathode, and some i» lost iq waging. 

In the analysis of m?)^t copper alloys, after separation of tin an^ 
evaporatiorf of the nitrate sAltKion with, sulphuric ocid to precipitate 

• ^ • * 

^ C^em* if#/. 191I) 9t F41. 

* Pric, A^er, Eledroc^m, Axr., 19171 32 | 339* • 
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lead, a sulphate solution is obtained, which is suitable not merely for 
the deposition of the copper, but also for the subsequent separation of 
the 2:inc or nickel. A large excess of nitric acid must then be avoided, 

■ as it is largely converted into ammonium nitrate during the electrolysis. 
This salt interferes with the precipitation of nickel from the soUition 
containing excess of ammonia, and also hinders the quantitative pre- 
cipitation of zinc by sulphuretted hydrogen from the neutralised* and 
diluted solution. 

Stationary Electrodes . — Warming copper solutions to about 35* 
aids the deposition very considerably. The distance of the electrodes 
from each other should be 5 mm. in weak solutions, and 10 mm. in 
stronger solutions. 

Using a current of from i to 1*5 amperes per 100 sq. m. of cathode 
surface, and an E.M.P'. of from 2- 2. to 27 volts, the complete deposition 
of I g, of copper should occupy from six to seven hours if the 
electrodes are stationary ; with a weaker current the deposition is 
correspondingly slower. A test must always be made after the 
electrolysis, to ascertain whether the deposition is complete. The 
solution is diluted by the addition of 10 to 20 c.c. of water, and the 
electrolysis continued for a further thirty to sixty minutes. If during 
this time no sign of copper is observable on that part of the cathode 
not previously covered by the liquid, the deposition may be considered 
complete, although traces of copper may still be present in solution. 

After deposition of the copper, the acid liquid is removed by means 
of a syphon and replaced with pure water until litmus paper indicates 
only a faintly acid reaction. The current is then switched off and th*e 
apparatus disconnected. 

The solution and washings are treated with sulphuretted hydrogen, 
and any precipitate formed is collected and the copper present 
determined colorimefrically (p. 187) and added to the weight found oit 
the cathode. The difficulty^of depositing the last traces pf*copper from 
solutions containing nitric acid when using stationary electrodes is 
attributed by J. H. Stansbie^ to nitrous acid which may be produced 
during electrolysis, but the addition of ure*a2 overcomes this difficulty. 

The cathode is quickly immersed in a large beaker of water, then 
removed afid given a second washing, placed on a filter*paper for 
a minute or so to •drain, and then dipped^ intd a beaker of absolute 
alcohol a*ild allowed to drain g^jain on filter paper. Thg electrode is 
then djpped into a beaker of ether and dried in a steam oven, cooled 
in a dessicatof and weighed. The anf)de mjtist also be washed, the 
washings being added to* the main bulk of* solution^ The electrode 

may be cleanesi ‘and made reddy fot^ another determination* by 
• • • ' * 

Trans, Far ada^ ^ « 

^ B!. Gilchrist and A.C. Gumming, Ibid^^ 1913, 9, 1S6, 
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imtno'sing it in strong nitric acid The weights of the cathodes 
should be checked regularly. 

If a dish is used as the cathode, it is removed from the stand, 
quickly washed three times successively with lo to 20 c.c. of water, 
then once with 10 c.c. of absolute alcohol, and finally with ether and 
dried at 100®. If the apparatus is rapidly disconnected in, say, a 
quarter of a minute, the syphoning off of the liquid referred to above 
and the accompanying dilution may be dispensed with, for not more 
than a few tenths of a milligram of copper will dissolve in so short 
a time. The great advantage gained is that succeeding operations, 
such as the electrolytic separation of nickel, can be effected without 
first evaporating down the diluted solutions. Previous to the 
electrolysis, cylinders and cones must be handled by the wire only, 
dishes and crucibles on the outside only, as otherwise any greasy 
matter from the skin may prevent the deposition of the copper on the 
parts*louched. 

Rotating Electrodes. When rotating electrodes as described on 
p. 172 are used the solution of the copper alloy or ore in nitric acid is 
evaporated to a syrupy consistency, diluted with boiling water and 
filtered from tin, etc., which is washed with S^per cent nitric acid. 
The solution is cooled and electrolysed in a beaker of about 150 c,c. 
capacity. The cathode is revolved at about 300 revolutions per 
minute ; the deposition of 0-8 g. copper with a current of 2 amps, at 
10 volts, takes pne hour. Small quantities of lead present may be 
determined by weighing the lead peroxide deposited on the anode. 

Use of a Mercury Cathode and Rotating Anode for the Electrolytic 
Deposition of Copper.^ A cup-shaped cell is used having a platinum 
wire fused through the bottom or the side near the bottom. A layer 
of mercury is introduced into this cup to cover the platinum wire, 
5 hd the whole is weighed. This cup is then placed on a plate of 
sheet copper connected to the negative terminal of a battery, the 
outside^ part of the platinum wire being in direct contact with the 
copper ; the mercury thus becomes the cathode. The anode may be 
of any form which can conveniently be rotated {cf Fig. 47, Vol. L). 

The sqlphate, solution of copper, acidified with a few drops of 
sulphuric acid, is now introduced, and the revolving anode^ suspended 
from the rotator. TJie ruore concentrated the solution, the more 
rapidly will tbe copper be deposited^ but the current should* be con- 
tinued several minutes after the solution beco^mes colourless, gis the 
last traces of metal septate siowly. A current of abSut S amperes 
^^*6 volts shoujd be used. \^hen the metal has been^ 
^mpletely deposited, the rotation ^oTf^thfi anode is^stbpped, t^e cell 

: : * Ct VoL I., p#io8 j £Uc/r^Anafys}i, B. F. Smith, 1^8, pp. 77 ei seg,; T. Slater Pricej * 
/ CAtm, /nd,y 1909, 26, H7. , * 
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filled with water, which is then syphoned off to the level of the anode 
and again filled up ; this washing is continued until the wash water is 
free from acid. The wash water must always be tested for copper by 
means of sulphuretted hydrogen. The current is then interrupted and 
the amalgam thoroughly washed with w^ater, then twice with absolute 
alcohol, and twice with ether. The cell containing the amalgam is 
then wiped dry on the outside, and, after the volatilisation of the ether, 
placed in a desiccator and subsequently weighed. 

Influence of other Metals and Non-Metals on the Deposition 
the Copper. — ZznCy Nickel, Cobalt, and small quantities of Iron in the 
copper solution do not interfere; if much iron is present, the ferric 
salts already in solution or formed during electrolysis tend to dissolve 
the deposited copper. To avoid this, the solution must be consider- 
ably diluted, and an increased # current density employed for the 
electrolysis ; it is better, however, to precipitate the copper first with 
sulphuretted hydrogen from a sulphate solution, gently ignite the 
copper sulphide obtained, dissolve it in nitric acid and electrolyse the 
resulting solution. 

Lead should always be removed as sulphate when over 2 per cent 
is present From thecnitrate solution, it will be deposited on the anode, 
as the dark brown hydrated peroxide, which may be weighed and the 
lead present calculated therefrom. 

Manganese is not deposited from solutions containing more than 
3 per cent, of nitric acid, but gives the violet coloration due to perman- 
ganic acid ; from sulphate solutions it is precipitated as the dark brown 
hydrated peroxide, which only partially adheres to the anode and 
mainly floats in the liquid as a flocculent precipitate. 

Mercury is deposited with the copper and is best removed by 
igniting or roasting the ore sample, etc., before dissolving it. 

Silver and Bismuth are also deposited with the copper, the former 
partly as peroxide on th» anode. The silver should Jbe precipitated 
from the solution by adding just the necessary amount of^, sodium 
chloride solution, the silver chloride bein^ filtered off before electrolysis. 
If an ore is first treated with aqua regia and then with sulphuric acid 
the silver remains as chloride with the insoluble matter op. the filter 
paper. Bf§muth is subsequently determined in the deposited copper, 
by the method descrfBed on p. 20 ^ et se^., and its amount deducted 
from that of the copper found.#*^ ^ * 

Lin and practicalljj the whole jof the Antimony are removed In the 
initial treatment of the sample with nifric ac|3. Antimony and Arsenic 
deposit to a slight extent with^the co^^per, but th^ gi^ater portion 
cornea down a^ a black coatijig on ^he copper, after this is all deposited. 
Small quantities of arsenic and smtimoiay produce ^peculiar black 
comma-like verfical streaks dn tlie copper, ^ and if much arsenic knd 
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antimony are present, they float as a black flocculent precipitate in the 
liquid When more than traces of these elements are present, the 
copper should be separated previous to determination by electrolysis ; 
arsenic, antimony, and tin may be separated from an impure 
coppqr sulphide precipitate by digestion with yellow sodium sulphide 
solution. 

i^rsenical and antimonial ores, copper speisses, etc., are very finely 
powdered and fused, in a covered porcelain crucible over a small 
j^nsen flame, with six times their weight of a mixture of equal parts 
of sulphur and anhydrous sodium carbonate, or six times their weight 
of anhydrous sodium thiosulphate; the heating is continued as long 
as sulphur is given off, the cooled melt extracted with boiling water, 
the residue washed with well-boiled hot water, containing a little 
ammonium sulphide, and then warned with nitric acid, evaporated 
down with sulphuric acid, and treated as above. 

2. Determination of Copper as Cuprous Sulphide. 

This method depends on the precipitation of the copper as sulphide 
from a warm, strongly acid solution of the sulphate or chloride or from 
a cold dilute nitric acid solution by means of stilphuretted hydrogen. 
The voluminous greenish black precipitate is washed with water 
■ containing sulphuretted hydrogen and a trace of sulphuric acid, dried, 
the filter paper incinerated in a Rose’s crucible, with subsequent 
addition of the copper sulphide and a few decigrams of sulphur, the 
whole gently and finally more strongly heated for twenty to thirty 
minutes in a current of pure dry hydrogen, allowed to cool in hydrogen, 
and the greyish black crystalline cuprous sulphide weighed ; it contains 
79*86 per cent, copper. 

^ Hampe stages that the weight of the cuprous sulphide should not 
exceed 0*2 to 0-3 g., as larger quantities of cupric* sulphide cannot be 
completely converted into cuprous sulphide* when heated in hydrogen, 
F. L. Hfelm^ finds that by using a mixture of sulphuretted hydrogen 
and hydrogen, the proportions *of which may vary within wide limits, 
more satisfactory results are obtained than by using hydrogen alone. 

The method is particularly suitable for the separatioiv of copper 
from solutions jv^hich qpntain no metals precigjtated by stilphuretted 
hydrogen from acid soliftions •(lead, bismuth, cadmium,^^ arsenic, 
antimony, tin% it thus effects the separation of copper from zinc, 
nickel, cobalt, manganesg, aluminium, and irom ^ • 

Any mercury and arsenic which may be contained in the precipitate^ 
are wlatilised ddrlng the *igmtipn la hycjrogen. If qjuch arsenic is 
present, repeated heating with sulfihus i^ necessary. • ^ 

^ Z anotg, Chm.^ 201. /. Sqc, Ohm. Ind,^ 191;^ 1290. 
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Tke dilute solution must be strongly acid to ensure that zinc is not 
precipitated ; 500 c.c. of the solution should contain preferably from 
yi to 100 c.c. of free hydrochloric acid, or 10 c.c. of free sulphuric acid 
The precipitation is effected in a covered beaker, at about 70^, and a 
rapid current of sulphuretted hydrogen is passed into the solution until 
the precipitation is complete. The precipitate is washed with^very 
dilute sulphuretted hydrogen water acidified with sulphuric acid ; any 
hydrochloric acid remaining in the precipitate may cause a loss of 
copper, through volatilisation as chloride during the subseque^Ht 
heating. 

As the process is tedious and lengthy it is seldom used for technical 
purposes, volumetric methods being preferred. 


3. Precipitation of Coppes with Sodium Thiosulphate. 

The use of an aqueous solution of sodium thiosulphate^as a 
substitute for sulphuretted hydrogen in qualitative analysis was first 
introduced by G. Vortmann ^ and A. Orlowski,^ and was subsequently 
used by them for the quantitative separation of copper, the copper being 
finally weighed as cuprous sulphide. Vortmann also recommended it 
for the separation of cGpper from cadmium, which is not precipitated by 
sodium thiosulphate in acid solution. H. Nissenson and B. Neumann® 
have modified and considerably simplified the method by converting ’ 
the cupric sulphide into copper oxide by roasting in a porcelain 
crucible and weighing the oxide as cupric oxide. This method of 
separation is more useful, however, as a preliminary treatment for 
volumetric determination. 

The following is the procedure adopted by Nissenson and Neumann 
for the analysis of copper mattes and copper-lead mattes, which contain 
a considerable amount of iron and frequently zinc gnd arsenic, in 
addition to coppex*, lead, and sulphur. One gram qf the finely 
powdered sample is dissolved by heating with 7 to 10 c.c. of nitric 
acid of sp. gr. 1-4, in an Erlcnmeyer flask, and the soluti<fn, after 
addition of 10 c.c. of sulphuric acid, eVaporated until white fumes of 
sulphuric acid are given off; the cooled residue is taken up with water, 
and silver ^precipitated by the addition of a few drops of hydrochloric 
acid.^ After thorpugh cooling, the lead sulphate, silica, and silver 
chloride, ^re filtered off, washed with water containing i per cent of 
sulphuric acid, and finally \<^ftfe distilled water. FdT the further 
^eatrfient of ,the impure Jead sulphate, cf. L^ad, p. 226. The filtrate 
is boiled in a porcelain dish, with about 5 g. of sodium thiosulphate, 
until the copper s:ulphide settles ^ell ;»«tliis is then fiftered off, w^^shed 

* Z ana/, Chem.^ 1881, 20^ 41S. ^ • 
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well with hot water, the filter with precipitate transferred to a sufficiently 
large porcelain crucible, dried, and the whole then placed in a moderately 
hot muffle ; the temperature of the muffle must not be too high, as cupric 
oxide is partially converted into the suboxide at a high temperature^ 
The Jilter burns and the cupric sulphide is gradually converted into 
cupric oxide ; any sulphate formed as an intermediate product loses 
its sulphuric acid completely on heating. After the first weighing 
the crucible is again strongly heated in air, and this is repeated until 
a^constant weight is attained. The results obtained by this modifiec 
process agree extremely well with those obtained by electro-deposition 

4. Precipitation of Copper as Thiocyanate [Cu(CNS)] 

(Rivot’s Method.) 

• 

An aqueous solution of potassium or ammonium thiocyanate gives, 
\Yith*heutral or nearly neutral solutions of cuprous salts, an almost 
white precipitate of cuprous thiocyanate ; the precipitation is complete 
in the course of several hours. Zinc, cadmium, iron, nickel, cobalt, 
bismuth, tin, arsenic, and antimony are not precipitated, and conse- 
quently Hampe ^ introduced the method for theganalysis of commercial 
copper. The cuprous thiocyanate is somewhat soluble in an excess ol 
the precipitant, but only very slightly soluble in pure water. 

To carry out the determination, the acid nitrate or sulphate solution 
of ore, furnace^product, or alloy, from which the lead and silver 
have previously been separated, is neutralised with sufficient sodium 
hydroxide to produce a permanent precipitate, saturated with sulphur 
dioxide in the cold, then warmed to 40°, and sulphur dioxide again 
passed. Precipitation is then effected by the gradual addition of a 
solution of potassium thiocyanate of known strength. One cubic 
cifentimetre of a solution containing 76*5 g. potassium thiocyanate per 
litre will precipitate 0-05 g. of copper. Sifice cuprous thiocyanate is 
soluble |o a certain extent in an excess of the precipitant, care must 
be taken to use the least possible excess. After standing for about 
four hours, the precipitate is collected on a good filter paper or Gooch 
crucible ar^d washed with cold water. If the filter paper has been 
previously dried at 100® to 105® and weighed, the weight ofrthe copper 
Ijiiocj^anate can be ascertained ^after dry ing**for * four hours in an 
air-bath at iqd® to 105®, It may sa^C«time, however, to convert the 
thiocyanate into cuprous sulphide. *To effect this the filter and pre- 
cipitate are dried rapidly JUhe fifter burnt in j Rose’s crucible, and the, 
thiocyanate added and ignftec^ proceeding from this ^tage as described 
on page 177.* • * • • 

^ Cf * Bailey 5 <wr., 1890, 57, 269. ^ 

** Ck ^ m , 18934 €7. 1691 ; /. Soc , tk$nu 189^, 13, 421. 
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, . In presence of much iron (as, for example, in the solution from 
copper pyrites), a blood-red coloration is at -first produced on the 
: Addition of the thiocyanate; this gradually disappears through the 
.aid:ion of the sulphur dioxide. 

The metals mentioned above may be determined in the filtrate by 
first evaporating down, decomposing the slight excess of thiocyanate 
by heating with nitric acid, and then following the usual analytical 
methods. 

On account of the tardy quantitative precipitation of the thiocyanate 
and its appreciable solubility in water and in excess of potassium 
thiocyanate, this method is not so much used as the previously 
described gravimetric methods.* 

S Precipitation of Co'pper with “ Cupferron ’’ 
(Nitrosophenylhydroxylamine). 

• 

O. Baudisch^ has proposed the use of the ammonium salt of 
nitrosophenylhydroxylamine, QHj. N(NO). OH, under the name of 
“ Cupferron,” as a precipitant for copper, and as a means of separating 
it from nickel, cobalt, aluminium, and chromium. The method has also 
been investigated by H. Biltz and O. Hodtke.® 

The reagent is employed in 6 per cent, aqueous solution, which can i 
be kept for some weeks without material alteration, and which should 
be filtered if it has become turbid. , 

The precipitation is best carried out in acetic acid solution, or^n 
mineral acid solution, mixed with the cdrresponding quantity of 
sodium acetate; any considerable quantity of free mineral acid dis- 
solves the copper compound and prevents its quantitative separation. 
A considerable excess of the reagent, double the calculated quantity, 
is employed. Since the bright grey copper precipitate closely 
resembles the colour of the solid reagent, the completion of the pre- 
cipitation cannot be clearly recognised until the precipitate ha» settled 
The precipitate is filtered off on the pujnp, washed first with faintly 
acidified water, then with i per cent, sodium carbonate solution to 
remove the excess of the reagent, and then finally with %ater. The 
filter and the dried precipitate are carbonised in a covered crucible, and 
then ignjted, with freh access of syr, or dn a current of oxygen, to 
cupric oxide. The separatiot 9 *qf copper from zinc is efiected in acetic 

acid aolution, that froiji cadmium only in mineral acid solution. 

« • 

» For a recent investigation of the method, see Fennerwnd Forschtoinn 2>*.. ioi«, 

4a, *05. « * , . 

* C&m. Zeit^ 1909, 33, 1*98 ; /. ^c. Ind., 1910, 29, 115. . 

» Z. aiurg. Chtm., 1910, 66, 4*6; J. Soc. Cienf. 
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B. Volumetric Methods of Analysis 

Of the volumetric methods described below, the cyanide method is 
suitable for mine and smelter samples when great accuracy is not 
essential ; the iodide method is applicable in all cases and is capable 
of giving results as accurate as those obtained by the electrolytic 
method. 

I. Parkes’ Potassium Cyanide Method. ^ 

• This method is based on the decoloration of blue ammoniacal 
cupric solutions by potassium cyanide with the formation of colourless, 
soluble potassium copper cyanides. 

The potassium cyanide solution is prepared by dissolving 20 g. of 
the purest commercial potassium cyanide in i litre of water. It is 
standardised by a cupric solution containing approximately the same 
amount of copper as the solutions to be titrated, dissolved in 5 c.c. of 
nitric acid, diluted to 200 c.c., neutralised with ammonia, until the 
bluish-green hydrate is precipitated, after which 20 c.c. of ammonia 
(i : l) is added. For the standardisation, the cyanide solution is run 
from a burette into the copper solution, contained in a flask, until the 
solution assumes a faint violet tinge, the solutiog having been agitated 
during the addition of the cyanide. After standing for a couple of 
• minutes decoloration should be complete ; if, however, any colour 
remains, a further few drops of cyanide solution are added. 

Satisfactory Results can be obtained only if each series of titrations 
i^ carried out under similar conditions as to temperature, time occupied, 
and the amount of copper, ammonia, and ammonium salts present. 

As lead, bismuth, silver, nickel, cobalt, manganese, zinc and large 
quantities of calcium interfere, these should be removed from the 
solution before titration, or the copper should be precipitated as metal 
or as sulphide and redissolved. When more than 0-5 per cent, of 
arsenic (in the absence of iron) or antimony is present, these also 
should *be removed. 

The precise manner of carrying out the method varies with the 
nature of the material. For pure or known materials, it is conducted as 
follows From 0 5 to i g. of the finely powdered material is weighed 
into a small flask and decomposed with ioc.c, of nitric acjd; in some 
Cases^ a little liydrochforic.acid may also be ifSed.* When thoroughly 
decomposed, a little water is added, tjjea ammonia until neutral, and an 
excess of 20 c.c. of ammonia (i : i^ The whoje is diluted to ^ c.c., 
cooled in running water, Vnd tlfen titrated with the cyaflide solution to 
complete dedolosation. The ^ferric hydroxide may often be left in th^ 
solution and allowed to settle after jach addition of'cylinide, but when , 
it interferes vgth the end-point, it may *be* filtered off when only a faint * 

^ Balling, ProbUrkunSe ^ 1879, p. 374 .* * 
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Mae coloration remains in the solution. Many prefer to filter off the 
.iron before commencing the titration, but the precipitate must then 
always be redissolved and reprecipitated, the second filtrate being 
added to the first, as the ferric hydroxide invariably carries down 
some copper. , 

The copper in impure or unknown materials must be separated 
before titration. This may be effected either by means of sulphuretted 
hydrogen, sodium thiosulphate, or metallic aluminium. The first two 
methods are described on pp. 177-8. The precipitate of copper sulphide 
is dissolved in nitric acid, and the solution treated as described above. 

The method of separation on metallic aluminium is very largely 
used, both for the cyanide method of assay and also for the iodide 
method described below. After decomposing the sample with nitric 
acid, 10 C.C. of sulphuric acid is ^dded, and the whole heated until 
dense white fumes of sulphuric acid have been evolved for some 
minutes. The solution is then cooled, diluted to 50 c.c., a bent piece 
of aluminium foil, in. thick and about i in. by 3 m. added, and the 
whole iDoiled briskly until all the copper is precipitated. The presence 
of a minute trace of sodium chloride will assist this precipitation. The 
whole of the copper should come down in from five to ten minutes, 
and should not adhere to the aluminium j this occurs only if the piece 
has become pitted by being used a number of times. The aluminium 
is removed and washed, and the precipitated copper washed by decan- 
tation several times, filtering the decanted liquor each ^/me. When the 
washing is completed, the filter paper should be opened and any 
adhering copper washed back into the main -precipitate by means of 
a^ fine jet of water from a wash-bottle, followed by a few drops of 
nitric acid, and a further washing. It is then dissolved in 5 c.c. strong 
nitric acid, the solution made alkaline with ammonia, and titrated as 
above. After separation on aluminium, the residual s 61 ution should 
always be tested for copper.by means of sulphuretted hydrogen. 


2. De Haen’s Iodide Method, modified by Low.* 

The de HaenModide method for the determination of copper, as 
mc^ified bjt Low, is widely used commercially, both in England and 
in America.* Low is o/^ opinion that it is better than the electrolytic 
method both as regards accuracy andcapidity. 

*1,- is carrier «ut as follows.— A solutfon of sodium 

thiosulphate, qpntainmg 38 g. ofpure thiosulphate to the litre is 
•tandardised with copper.. Chemically pure cdpper (0-2 g.) is dissolved 

T by E- O. tfroim, 

/ = ^ ^ 304 ; ai^, 
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in 4 cc.of concentrated nitric add in a flask of about 250 c.c. capacity, 
the solution boiled down to i or 2 cx., 5 cx. of water added, then 5 cx. 
of strong ammonia, and the whole boiled for a minute. The boiling 
is absolutely necessary, as otherwise the liquid reacts with potassium 
iodidf as though it contained free nitric acid. Six cx. of acetic acid 
is then added and 40 c.c. of cold water ; the solution is thoroughly 
cool 5 d, 3 g. of potassium iodide added, and allowed to dissolve. 

The reaction is represented by the following equation ; cuprous 
iodide is precipitated and iodine liberated : — 

2Cu{C 2H802)2 + 4KI = CU2l2 + 2l-f-4C2KH302. 

The thiosulphate solution is run into the copper solution containing 
the liberated iodine from a burette until the colour is only pale yellow, 
when starch solution is added until blue ; the titration is then continued 
to decoloration in the usual manner Vol. L, pp. 69-72). 

TJie starch solution must be made fresh every two days, by agitating 
0*5 g. of rice starch with 250 cx. of cold water, and then heating to 
boiling. Better results are obtained by using soluble starch and adding 
a few drops of chloroform to the solution which will then keep much 
longer. The thiosulphate solution, made by dissolving pure sodium 
thiosulphate in pure boiled water, free from ftir, keeps for a month 
without change. 

The possible interference of nitrous acid in this determination is 
avoided by M. E, Pozzi-Escot^ by adding an excess of urea before 
the addition of*ammonia to the solution. 

• Low adopts the following method for ores : — One gram of the 
finely powdered sample* is treated with 10 c.c. of concentrated nitric 
acid, in a flask of about 250 c.c. capacity ; the resulting solution is 
evaporated nearly to dryness, and the residue boiled for two or three 
pinutes with^ 10 c.c. of concentrated hydrochloric acid ; 10 c.c. of 
concentrate!;} sulphuric acid is then added, and ^he boiling continued 
until fumes of sulphuric acid are evolved.* 

Th® cooled residue is treated with 10 c.c. of water, boiled and 
filtered from lead sulphate, gahgue, sulphur, etc., into a shallow beaker 
of 8 cm, diameter. The copper is precipitated on aluminium and dis- 
solved in nitric acid as described on p. 182. It is usual to ^dd 0*5 g. of 
potassium chlcyate in prder to oxidise any arsenic ^to arsenic acid, and 
to bpil down the liquid ter i to 4 c.c ; no basfe salts of copjjpr should 
separate during this concentration. JTlfe titration is then carried out as 
in the standardisation dgseribed ab®ve. • • 

Since i of pure copper requires 5-22 g* of potassium iodide, 3 
of potassium iocRde will suffi<ie#jror i,g. of all ores containing less than 
SO per cent of copper. For very#ri<5ji qres, 5 g. of potassium iodide 
%>uld be used. * 

1 A$n, Chim , anaL^ 1^3, 18, 219. 
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Arsenic, as arsenic acid, does not interfere with the determination } 
bismuth, by reason of the deep yellow colour of potassium bismuth 
iodide, may cause the addition of starch to be made at too late a 
stage, though this does not frequently happen. Lead also changes the 
appearance of the end-point to a certain extent; ferric salts mu3t be 
absent or may be precipitated as ferric phosphate ^ by the addition of 
sodium phosphate to the solution. The ferric phosphate precipitate 
does not react with potassium iodide. 

Instead of neutralising with ammonia, as described in Low’s method, 
many chemists prefer to use sodium carbonate. This should be added 
in very slight excess only, followed by the addition of acetic acid. If 
a large excess of sodium carbonate be used, the sodium acetate formed 
interferes to a certain extent with the titration. Powdered marble may 
be used with advantage for the neutralisation, as an excess does not 
interfere. Another method which is much used is to add an excess 
of zinc acetate to the nitric acid solution, by which means zinc nitrate 
is formed and acetic acid liberated. This is a very quick, clean, and 
reliable method of treatment. 

The iodide method gives results which agree very closely with the 
electrolytic assay. It ^is used especially for controlling the sales of 
copper ores, mattes, etc., and in the analysis of alloys when it is 
impracticable to use the electrolytic method. 


3. Stannous Chloride Method. 

• 

This method is based on the reduction of cupric to cuprous chloride 
by stannous chloride. A hydrochloric acid solution of stannous chloride 
is added to the hot, deep green hydrochloric acid solution, containing 
cupric chloride and free from oxidising or reducing agents, until the 
green colour has disappeared. One drop of a concentrated solution of 
mercuric chloride should produce a very faint precipitate of mercurous 
chloride when the titration is finished^ The end-point corresponds 
with the complete decoloration of the liqhid, and in a good light it is 
quite sharp. Balling,® who has examined the method vety carefully, 
found the dcfFerences between results given by it and by gravimetric 
methods nof to exceed cvi to 0 2 per cent. ♦ • 

The stannous chloride soli^^on ft prepared by dissolving 6 *g, of 
pure tin, or the corresponding quJntity of freshly prepareS commercial 
stannofls chloride, in ^fbo c.c. of pure ^5 per •cent, hydrochloric acid, 
and diluting to a litre with cold, boiled water,* It is kfpt«in quantities 

^ ^ H. Deyi CAem. Zeit,, X917, 41, 763* i. 

» Bit Prohitrkunde, 1879, pp. 265 seq,; t^les tor the calculation of the topper content are 
f Wen on pp. 270 • * • , 
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6f 3 litres or more in a stock bottle connected with a small carbon 
dioxide generator to prevent oxidation. 

A copper solution of known strength is prepared by weighing out 
2 g. of electrolytic copper which is dissolved in 8 c.c. of nitric acid of 
sp* g{, I ‘4, the solution evaporated with 2 cx. of sulphuric acid to 
remove nitric acid completely, the residue taken up with water, and 
made* up to 500 cx. 

To standardise the stannous chloride solution, 25 cx. of the copper 
sqjution, corresponding to o*i g. of copper, is run into a flask of 200 cx. 
capacity, $ cx. of pure concentrated hydrochloric acid added, and 
the mixture brought to the boil, when stannous chloride solution 
is run in, from a freshly filled burette, until the green colour of the 
boiling solution is discharged. Any greenish tinge appearing on the 
addition of a further 5 cx. of concentrated hydrochloric acid should be 
discharged by one drop of stannous chloride solution. The stannous 
chloritle solution must be restandardised about once a week. 

The copper in ores is determined as follows : — From 2 to 5 g. of 
the finely powdered sample, according to its richness in copper, is 
boiled in a flask with aqua regia, and then evaporated nearly to dryness 
with sulphuric acid. On taking up with water ^and filtering, gangue, 
lead sulphate, and silver chloride remain on the filter paper ; the filtrate 
^ is diluted to 250 c.c., of which 25 c.c. is run into a flask and treated 
with 5 c.c. of concentrated hydrochloric acid, etc., as above. 

Iron is almost always present and then the hydrochloric acid 
solution is of a yellowish green colour, and the stannous chloride 
used corresponds to the itotal of copper and iron. To determine the 
iron, a separate portion of 25 c.c. of the sulphate solution is warmed 
with granulated zinc, the clear solution poured off from the precipitated 
copper, the copper washed by decantation with water, and the com* 
btned solutions, after cooling, titrated with potassium permanganate. 
The same qhantity of stannous chloride ig required for 55*85 parts 
of iron as for 63*57 parts of copper, in accordance with the following 
equations : — , 

zCuClg + SnClg * CugCI^ + SnCl^, 

2FeCl3 + SnCl2 = 2FeCl2 + SnCl4. 

For the subsequent determination of the copper, it i? better to 
dissolve complelely the*exc;pss of zinc (which ratist1)e free from lead) 
by warming ]yith dilute sulphunc i*^, decanting, then SSding a 
sufficiency of nitric acid to dissolves the copper, and boiling ^down 
with sulphuric acid to i^move»nitric acid. The residuft is dissolved 
in water, hydtocbloric acid added, and the liquid titrated as above. * 

Any antimonic acid or antinvbny^chloritie in soluftomis reduced by 
tl^e stannous {hloricie to ^ntinojiious ^hlbside, and this causes high 
results. * 
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Arsenic has no effect on the assay. Nickel and cobalt must be 
previously removed. In the presence of iron, antimony, nickel and 
cobalt, it is best to precipitate the copper with sodium thiosulphate 
(p. 178), treat the sulphide with nitric acid and sulphuric acid, and 
then titrate the sulphate solution in presence of hydrochloric acid. 

The process is frequently used, especially where a stannous chloride 
solution is also used for the titration of iron. ‘ 

4. Ammonium Thiocyanate Method. 

This method consists in the precipitation of the copper as cuprous 
thiocyanate from a nearly neutral hot solution, saturated with sulphur 
dioxide {cf, also, p. 179). A slight excess of a measured solution of 
ammonium thiocyanate of known strength is used for the precipitation, 
the excess being titrated back, in\he cold, with silver nitrate solution, 
in presence of ferric sulphate and nitric acid. 

Any silver, mercury, chlorine, bromine, iodine, or cyanogen present 
interferes with the process, and another method should then be used. 

To carry out the determination, the nitric acid or sulphuric acid 
solution of the sample is first nearly neutralised with sodium carbonate 
or sodium hydroxide^ free from chlorine; for about 05 g. of copper 
approximately 50 c.c. of a saturated aqueous solution of sulphur 
dioxide is then added, the whole heated to boiling and precipitated * 
with an excess of an ammonium thiocyanate solution standardised by 
silver nitrate (c/, Vol. I., p, 73). (As 107-88 parts of ‘silver require the 
same amount of ammonium thiocyanate for precipitation as 63*57 

parts of copper, the silver titre must be multiplied by =0-5893.) 

It is convenient to use a 500 c.c. flask for these operations, or else 
to wash the total liquid, after cooling to the ordinary temperature, iiHo 
a flask of this size, and to ^dilute to the mark, mix, allqw'to stand for 
a short time, and then filter an aliquot portion through a dry filter 
paper into a dry beaker. . * 

One hundred cubic centimetres of tfte filtrate is then treated with 
5 c.c. of a cold saturated solution of iron alum and a few drops of pure 
nitric acid,^and ithe solution titrated with a standardised silver nitrate 
solution, until the ferrit thiocyanate colour^ is discharged. The amount 
of thioc^nate used for the pr^ij)itafion of the copper is^thus obtained 
The determination of copper jn blister copper, alloys, matteiS, and 
ores, the co|^er content of which it app^ximately known, can be 
carried out in a short-time by this mathod, and tbe results are 
sufficiently accurate for technical ^puifo*ses. The error introduced by 
not taking account of th^ folflme of the. solid cuproui thiocyanate Is 
iiegHgible. 
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* 

5 Potassium Permanganate Method.^ 

This method consists in the precipitation of the copper as cuprous 
thiocyanate and the subsequent decomposition of the precipitate with 
sodium hydroxide solution so as to form sodium thiocyanate which is 
acidified with sulphuric acid, and the liberated thiocyanic acid titrated 
with standard potassium permanganate solution. 

The cuprous thiocyanate precipitate is obtained as described under 
the gravimetric method (p. 179), and in this method it is preferably 
ccfllected on a pulp filter, and washed thoroughly with cold water. 

The precipitate is then treated by pouring on a boiling 8 per cent 
sodium hydroxide solution and washing thoroughly with hot water. 
The alkaline filtrate is acidified with dilute sulphuric acid and titrated 
with permanganate solution which has been standardised by means of 
pure copper. • 

^ C. Colorimetric Methods 

The object of these methods is the determination of the copper 
content of definite volumes of blue ammoniacal cupric solutions by 
comparison with the colour of standard solutions containing known 
quantities of copper. As in all colorimetric methods, it is taken for 
granted that the colour intensity of equal columns of solution is directly 
proportional to the amount of colour-producing material in the liquid. 
\Cf. Colorimetry, Vol. L, p, 179 et seq^ 

The colorimetric determination of copper was originally recom- 
mended by Jacquelin, von Hubert, and others for rich as well as poor 
orfis, graduated tubes beiiig employed, such as are used in the Eggertz 
colorimetric determination of carbon in steel {cf, p, 48) ; the method is 
now employed only for the assay of poor ores, furnace products, and 
slags, the copper content of which does not exceed i per cent, and for 
the last traces of copper left in solution after the electrolytic deposition 
of copper as described on p. 170 et seq. 

Strongly coloured solutions are very difficult to compare; and 
when coTisiderably diluted and^the content then ascertained by com- 
parison with the standard sohition, it is necessary to multiply by the 
dilution factor, and so the experimental error becomes increased to a 
corresponding degree. 

An ammoniacal solution, prepared from th« ore with Citric acid, 
must 'be compared with a* stan<ferd ^glution prepared frons* copper 
nitrate, and a solution made with sulphuric acid must be compared 
with a copper sulphate sohition, the colours of th^ ammoniacal solutions 
of these two salts Joeing somewhat different. • 

The solulSons to be compSr&d must be at the sSime temperature, 
must contain e<fual amopnls pf Smmoniji ; they must be prepared 
* ci|rk, Ind. Eng . Chm.^ 1919, II, 
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with distilled water, quite free from organic matter, and with pure 
ammonia, otherwise a greenish coloration results. Bituminous ores 
must be roasted to decompose organic matter before being treated 
with acids. 

Nickel and cobalt interfere with the determination, as also arsenate 
of iron, which gives a brown coloration with ammonia ; small quantities 
of nickel give the solution a violet tinge which is difficult to compare 
with the blue of pure copper. These impurities may be removed by 
previous precipitation of the copper as sulphide, which is then dissolved 
in nitric acid ; it is also advisable to precipitate the copper as sulphide 
from solutions containing much iron and aluminium, as the bulky 
precipitates of the hydroxides of these metals retain copper 
tenaciously. 

Heine’s Method for Low-grade Ores and Slags. 

Solutions of sulphate of copper, containing exactly i mg. of copper 
per cubic centimetre, are made by dissolving electrolytic copper in 
nitro-sulphuric acid and evaporating down to fumes ; quantities of 20, 
10, 7*5, 5, 4, 3, 2, I c.c. are taken out with pipettes and put into 
measuring flasks or cylinders ; after adding lo c.c. of pure ammonia 
to each, they are diluted to lOO c.c. and placed in perfectly similar, 
square glass-stoppered bottles of about 1 50 c.c. capacity. The bottles 
are labelled as 2, i, 075, 05, 04, 0*3, 0-2, o-i per cent; the stoppers 
are fastened down with parchment paper caps. , 

To carry out a determination, 2 g. of an ore is roasted in a porcelain 
crucible in a muffle and then treated in a' beaker with 15 c.c. of a 
mixture of three parts of sulphuric acid of sp. gr. 1-26, and one part of 
nitric acid of sp. gr. 12, and the whole boiled down on a sand-bath 
until sulphuric acid fumes are evolved. On cooling, the mass is taken 
up with distilled water, and the volume made up id 100 c.c. in ‘la 
graduated flask, 30 c.c. of strong pure ammonia added, and the whole 
well mixed and filtered into the sample bottle, marked for^200 c.c. 
After cooling, the solution is diluted to-the mark and the bottle placed 
between the standard bottles, at a window, in front of a screen covered 
with white paper. If the colour of the ammoniacal solutiqn from 2 g. 
of ore, dilujed to 200 c.c., agrees with the standard solution of 20 mg. 
of copper in 100 c.c.,*1t follows that the pre contains 2 per cent of 
copper ;**should the colour Ijef^^deeper than that of ^he strongest 
standard, the assay sojution is dilqted to twice its volume and a sample 
bottle filled vfith the diluted solution, •comparisons being again made, 
and so on. ^ ^ . 

According ‘to Heath, * slags the ‘works at^Lake ‘Superior are 
usually assayed colorimetricallV, as foltew^:— Two an4 a half grams 

j £Hg. ani Mn./., 1895, S9,*369,’37o ; /. Soc. C^m. Ini., 1895, 14, 679. ’ 
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of finely powdered slag is boiled in a porcelain dish with concentrated 
nitric acid (sp. gr. 1*4), until all nitrous fumes are’ driven off, to cc. of 
sulphuric acid then added, and the boiling continued until the mass 
is pasty. After taking up with water and adding excess of ammonia, 
the solution is filtered on the pump into a 200 c.c. graduated bottle and 
the precipitate washed with very dilute ammonia (i to 10) ; the cooled 
solution is then made up to 200 c.c. and the test carried out as described 
above with suitable standards. 

^ J. D. Audley Smith ^ uses only one solution containing 2*5 mg. of 
copper per cubic centimetre for the comparison. The solution under 
examination is placed in a 200 c.c. bottle ; 150 c.c. of water is placed in 
a similar bottle, the same amount of nitric acid and of sulphuric acid as 
the sample, and 30 c.c. of ammonia (sp. gr. 0-9), added, and a copper 
solution of known strength then run in from a burette until a corre- 
sponding colour is produced, when made up to 200 c.c. 

RSfractory slags are best heated with potassium fluoride and 
sulphuric acid in a platinum dish, the residue dissolved, the iron oxidised 
with nitric acid, and the solution then evaporated down until fumes of 
sulphuric acid are evolved ; the colorimetric comparison is then made 
as above. ^ 

For the determination of small quantities of copper in litharge, 10 g. 
or more of the sample is treated with dilute nitric acid, evaporated 
down with sulphuric acid, 50 c.c. of water added, and the solution 
filtered and treated as above. 

Waller^ gives the following method for the colorimetric determination 
of copper in slags : — Two grams of the slag is placed in a small beaker, 
50 C.C. of hot water and then 15 c.c. of hydrochloric acid added at once 
while the slag is kept in suspension by vigorous stirring. Practically 
all the silica, lime, oxide of iron, etc., is dissolved, and can be filtered 
off from the black residue, which consists of copper sulphide and a 
little parti/ decomposed slag and matje. T^e solution always 
contains sulphuretted hydrogen, which ensures the precipitation of 
the copper. The residue is filtered off on the pump, as otherwise the 
filtration is slow owing to a slight separation of gelatinous silica. The 
filter paper is ignited in a porcelain crucible, the residue brushed into 
a beaker, 5 c.c. of nitric acid and a few drops of hydrijchloric acid 
added, and heated til^ red fumes cease to c«me •off. The resulting 
solution is then diluted, 20 c.c. of^amm^jpia added, the solutkm boiled, 
filtered into a colorimetry bottle, cooled, and diluted to 150 c.c. A 
double precipitation witlf amm#nia Is not necessary, as^he amount of 
iron to be separated is very small and does n\>t carry down appreciabld" 
amounts of*copper. The iron**and ^copper present' ak this stage are 

* Trans^ Amf%InsL Min, CaAdiato Meeting, igdo ; Chem, ZtiU 1900, 24, 291. ’ 
; ^ Triins, InsU Min, and MiL^ 1 9(^-9, x8, 37. * • 
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derived chiefly from shots of matte which have been included in the 
slag. The standard colorimetry bottles are generally made up about, 
once a month; they do not alter appreciably in colour over a much 
longer period, but the ammonia attacks the glass, forming a flocculent 
precipitate which, if shaken up in moving the bottles, clouds the 
solution. The standards are, however, quickly renewed as follows: 
0*5 g. of copper is dissolved in a little nitric acid, the red fumes boiled 
off; and the solution diluted to 500 c.c. Ten colorimetry bottles are 
taken, labelled 01, 0-2, 0-3, etc., 5 c.c. of nitric acid placed in each, then 
diluted, and from a burette, i c.c. of the above solution added to the 
first, 2 c.c. to the second, and an additional i c.c. to each successive 
bottle. Twenty c.c. of ammonia is then added to the contents of each 
bottle, after which they are filled with water up to the bottom of the 
labels, which are placed so that each solution has a volume of 1 50 c.c. 
For the colorimetric comparison, the bottles are placed on a level with 
the eye, on a narrow shelf covered and backed with white psTper or 
tiles; there should be only one source of light, directly behind the 
observer, and there should be space enough on the shelf between the 
standard bottles to allow for the introduction of the bottle to be 
compared, which is mpved along until its place in the series is deter- 
mined. Since 2 g. of slag is taken, the factor on the corresponding 
bottle, divided by two, gives the percentage of copper in the slag. 


D. Analysis of Cupriferous Materials 

I. COPPER ORES, MATTES, SPEISSES, AND SLAGS 

I. Determination of Copper. 

« 

The solution of the very finely powdered substance fs effected, in 
general, as described on p. 169. Bituminous ores are subjecfed to a 
preliminary roasting ; very arsenical and antimonial ores and speisses 
Sire roasted carefully at a gradually increasing temperature. Treatment 
with nitric acid, aqua regia, or hydrochloric acid and potassiqm chlorate, 
is preferab^ followed by evaporation with an excess of sulphuric acid, 
so as to precipitate all ‘the lead. The sulphate solution, filtered from, 
lead sulj^ate, is frequently suit§b^e for the direct gravimeVic determina* 
tion 0/ the copper by electrolysis, ^nd also for titration by one or other 
^of the methods described, but with itnpure'materials a preliminaiy 
separation of the^copper is necessary (pp. *178 and <82). 

Co^er Pyrites^ which is •the qpst 'common ore of co^er, may bc 
* assayed electrolytically, or ‘volumetiacaily .by the methods of Low 
(p. 182) or ParkeS (p. 181). 
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copper in pyrites and in burnt pyrites may be determined by 
, Nahnsen’s method ^ (c/. Vol I., p. 380). 

Slags rich in Iron are decomposed by hydrochloric acid, the residue 
containing the copper filtered off, ignited, and dissolved in nitric acid, 
and tlje copper determined colorimetrically (p. 188). 

Refractory Slags are treated with potassium fluoride and sulphuric 
acid i!i a platinum dish, as described on p. 189. 

Copper Speisses^ Fahl OreSy etc., are best dissolved, according to 
Hj[impe,^ by warming with a mixture of nitric and tartaric acids (for 
I g. of material, 30 c.c. of nitric acid of sp. gr. i *2 and 10 g. of tartaric 
acid), the diluted solution treated for a considerable time at 60*’ with 
sulphuretted hydrogen, and the precipitate extracted with hot potassium 
sulphide solution ; the residue is then heated in a porcelain dish with 
nitric acid, evaporated with excess of sulphuric acid, and the copper 
in the filtered solution determined either electrolytically or by one 
of thcTvolumetric methods.^ 


2. Determination of Sulphur.^ 

Three-tenths of a gram of finely powdered copper pyrites, or of ores 
and mattes free from lead, is introduced into •an Erlenmeyer flask, 
standing in cold water, and fuming nitric acid added in small quantities 
• of 10 to IS c.c. at a time, the action being allowed to go on for about 
an hour. The whole is then heated gradually in a water-bath, so that 
at the end of thrqp hours it has reached a temperature of 70®, and in 
thg course of another hour it is brought up to boiling point. Should 
particles of free sulphur ^till be present, the flask is cooled and the 
treatment with fuming nitric acid repeated. The solution is then 
evaporated to dryness in a porcelain dish, first without hydrochloric 
acid and then twice successively with 10 c.c. of pure hydrochloric acid, 
tfle residue taCen up with dilute hydrochloric acyd, filtered, and the 
boiling dilute solution precipitated with a»slight excess of a boiling 
10 per c^nt. solution of barium chloride. BaSO^ X o- 1 373 = S. 

The following method may be used for ores, mattes, and slags free 
from lead (Bannister) : — Half a gram of the sample is treated with 
10 C.C. of nitric acid, and when the first violent action ceases, crystals 
of potassium chlorate are added until the whole is decomposed. When 
all action has ceased, the solution^ is evaporateCT to*dryness, 10 cc. of 
hydrochloric acid added, and the wholglwaporated to drynessYo render 
the silica insoluble. The residue is tl^pn taken up^ith hydrochlorip acid, 
the solution diluted with^ot w&ter, filtered, ^he filtrate Itnade alkaline^ 
Withfmmoni^, about 3 g. Of bjrjum chloride added, t^e solution boiled 

1 Chem,^$ity 1887, 1x^693. ^ • I IbitLy 1891, 15, 443. 

^•For other methods* see Ofterh^tis, Metalf, u, Erz, 1917, 371. 

^ Cf, also, Vol. 1 ^ 4 >p. 366 et anti p. 583. • * 
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for a few minutes, then acidified with hydrochloric acid to redissolve 
the iron, again boiled for a few minutes, and allowed to settle well 
before filtering. Barium sulphate can in this way be separated in one 
operation from solutions containing large quantities of iron without 
contamination with the latter metal, as the iron is thrown out of 
solution before the precipitation takes place. 

Speisses, fahl ores, raw and roasted copper matte and lead 'matte 
are, according to Hampe, examined as follows: — One gram of material 
is mixed with 6 g. of nitre and 5 g. of pure anhydrous sodium car- 
bonate in a platinum crucible, the mixture covered with a little nitre 
and carefully fused. The melt is extracted with water, the lead 
precipitated by means of carbon dioxide and filtered off, and the 
filtrate, after being acidified with hydrochloric acid, evaporated to 
dryness ; the residue is taken u^ with dilute hydrochloric acid, any 
silica filtered off, and the sulphur then precipitated in the ordinary 
way with barium chloride. 

3. Determination of Silica. 

In the absence of lead the insoluble matter filtered off after decom- 
position of the ore or slag as described in the determination of sulphur 
(p. 191), is ignited and weighed as “insoluble matter.^’ For smelter 
routine work this is usually the only silica determination required, ^ 
but it is sometimes necessary to determine the true silica content, 
when the following method may be used : — The insoluble residue is 
mixed in a platinum crucible with about 2 g. of sodium carbonate 
and fused over a blowpipe until all action ceases. The subsequent 
solution may be greatly facilitated as follows: — The contents of the 
crucible are poured on to its lid, the crucible and lid each being held 
by a pair of platinum-tipped tongs ; both crucible and lid are then 
placed in a porcelain dish containing about 40 c.c. of cold water. The 
bulk of the melt which is o/i the lid readily slides off, while the crucible 
retains only a thin film which is quickly dissolved out. The dish is 
heated until all is dissolved or thoraughly disintegrated, when the 
crucible is removed, the solution acidified with an excess of hydro- 
chloric acid, evaporated to dryness, the residue, after cooling, 
moistened Vith 5 c.c. of hydrochloric acid and a few drops of nitric 
acid, diluted with ‘ hot* <water, filtered, washed,' ignited, and weighed, 

Witlf*materials containingi^<lead,^after decomposition by means of 
nitric^ acid, sulphuric acid is added and the solution evaporated to 
^fumes, cooled,<^diluted,"an^ filtered! The residue is washed back into 
*the beaker, and the lead sulphate present is dissolved ^n hot ammonium 
acetate solution and filtered ofif^ which the lead-free resieJue is 
^ Ignited and weighed as *“ 1 insbluDle* mratt^r” or is Seated for the 
determination of silica by the mfethod givgn above. 
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4. Determination of Alumina and Iron. 

For the determination of the alumina, 15 c.c. of a saturated solution 
of microcosmic salt is added to the filtrate from the insoluble matter, 
to which is added the filtrate from the silica, the total volume of which 
should*be about 100 c.c. The liquid is then carefully neutralised with 
ammojiia until a slight permanent white precipitate is obtained, heated to 
boiling and acidified with hydrochloric acid until the solution has cleared, 
care being taken not to have more than 2 c.c. of acid in excess ; 25 c.c. 
of ft saturated solution of sodium thiosulphate is then added and $ c.c. 
of glacial acetic acid or an equivalent amount of dilute acetic acid. The 
solution is boiled for ten minutes, when a white precipitate, consisting of 
aluminium phosphate and sulphur, is obtained, which is easily filtered 
and washed. The precipitate is ignited very gently at first until 
the paper and sulphur are burnt off^ and is then heated to a bright 
red heat ; it is quite white and should show no signs of fusion. 
The weight of AlPO^, multiplied by 0-4184, gives the weight 
of AlgOg. 

Alumina and iron may also be determined together in the combined 
filtrate from the insoluble matter and silica as follows: — The iron and 
alumina are precipitated with ammonia in the presence of ammonium 
chloride in the usual way and filtered, the precipitate dissolved in 
•hydrochloric acid, and reprccipitated with ammonia, filtered, washed, 
ignited, and weighed. This represents alumina plus ferric oxide. The 
ignited precipitate is dissolved in strong hydrochloric acid, reduced with 
stannous chloride, 20 c.c. of a saturated solution of mercuric chloride 
added, and the solution tftrated with standard potassium bichromate 
in the usual way. The iron figure obtained is calculated to ferric oxide 
which is deducted from the weight of the ignited precipitate in order to 
ascertain the alumina present 

The iron ip slags which can be dissolved in hydrochloric acid may 
be determined <iirectly in the solution after reduction, by means of 
potassium bichromate. 

5. Determination of Lime. 

9 

To determine the lime, an excess of ammonium oxalaTfe is added 
to the filtrate fro*m the iron gnd alumina, the solfrtioiT boiled* for a few 
minutes, filtere^J, washed, ignited anii wjigihed as CaO, or the filKr paper 
and precipitate may be placed in a beaker containing 10 c.c. of suljjhuric 
acid, diluted to xoo c.c., heated To boiling, an^ titrated with standard 
potassium perftianganate soiutipn in the usual way. 

For the determination of lime im slags,* the filtrate from the, silica 
is heated nearly to boiling, decided eice?s#of ammonia added, tHen 
solid oxalic acid until the f^ric hydrdxicte has all dissolved ; ammonia 
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is again added until there is a slight permanent precipitate of ferric 
hydroxide, the solution again cleared. by the careful addition of small 
quantities of oxalic acid, boiled and filtered. The precipitate is treated 
as above with sulphuric acid and titrated with standard permanganate, 
containing 5-635 g, per litre; i c.c. = ooo5 g. CaO. 

2. MARKETABLE COPPER (TOUGH COPPER AND ELECTROLYTIC 

COPPER) I 

( 

The commercial analysis of marketable copper is frequently necessary, 
as even comparatively small amounts of impurities have a considerable 
effect on the properties of the metal and of its alloys. 

The technical analysis is usually confined to the determination of 
the copper and of the more detrimental impurities, such as bismuth, 
antimony, and arsenic only, although a complete analysis is sometimes 
required. The determination of separate constituents is discussed on 
pp. 201 e/ seq. 

Electrolytic copper is almost chemically pure ; it usually contains 
only traces of sulphur, in the form of enclosed sulphate solution, and 
frequently also bismuth, antimony, arsenic, iron, selenium, and tellurium. 

Refined copper usually contains 0*05 to 0-2 per cent, of oxygen (as 
cuprous oxide); the impurities proper, viz., arsenic, antimony, tin, lead, 
nickel, cobalt, iron, sulphur, selenium, and tellurium, in the better 
classes of copper, do not amount to over 0-7 per cent. 

Silver is seldom present to a greater extent than 0 03 per cent., and 
gold occasionally in traces. 

I. Complete Analysis. 

After the introduction of electrolytic methods for the determination 
of copper, Hampe,^ in 1873 ^^^ 0 ) recommended the electrolytic 

deposition of copper froiji a solution of 25 to 30 g^ 6f marketable 
copper, and the determination of the impurities in the solution,^ from 
which the whole or most of the copper, had been removed ; as bismuth 
is deposited with the copper, the deposifed metal must be redissolved, 
the nitrate solution .boiled down with hydrochloric acid, and the bismuth 
precipitated as oxychloride. In addition to bismuth, small amounts 
of arsenic and anfimdrty may come down, with the c&pper. Hampe,® 
determihhd the antimony de^^teefwith the copper, b)j^ dissolving the 
electrolytic deposit and precipitating the copper in the solution as 
^thiocyanate; this metho^ is fully destribed^ater on (p. 199). 

^ Cf, Freseniuj, QhanlHatm Anglysis^ flh ediHofl, vol. ii., p. 400; A. lUllard, ChSki, ZiiU 
^ Rep., igoo, 24, 146. • • * 

® Cf, W, H. Woodcock, Analyst, 1918, 43, * 

® Chem. Zeit, X898, (6, 417 ; J. Soc^Chak. hid., 1892, II, 

•• 
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On R. Finkener^s recommendation, P. Jungfer^ investigated the 
method introduced by Flajolot,®* in which copper is separated from 
arsenic and antimony by precipitation as cuprous iodide, and, as an 
outcome of his work, he introduced the following accurate and rapid 
method of copper analysis : — 

(a^ Jungfer's Iodide Method. — Most of the copper is precipitated 
from a slightly acid nitrate or sulphate solution as cuprous iodide, by 
addition of potassium iodide in presence of sulphuric acid, sulphur 
dioxide, and a little potassium fluoride, which forms easily soluble 
antimony-potassium fluoride ; the free sulphur dioxide is removed from 
the filtrate, the copper remaining in solution, together with the arsenic 
and antimony, and any bismuth and lead, is precipitated with sulphur- 
etted hydrogen, and the copper, bismuth, and lead separated from a 
strongly ammoniacal solution of the ^ulphides, after addition of tartaric 
acid, according to R. Finkener’s method,'^ by carefully adding small 
quantities of weak sulphuretted hydrogen water and v/arming. Nickel, 
cobalt, manganese, and iron may be determined in the filtrate from the 
sulphides. Bismuth comes down principally with the cuprous iodide, 
and is, therefore, determined in a separate portion by Jungfer’s method 
(p. 199) ; silver is also determined in a separate portion. 

If the copper under examination dissolves in nitric acid without 
.residue, and only arsenic and antimony are to be determined, pre- 
cipitation may be effected directly in the nitrate solution ; otherwise, 
it is necessary t;p evaporate with sulphuric acid to precipitate the 
lead. 

To carry out the determination, 10 g. of the copper, in the form of 
clean chippings or drillings, is dissolved in a large covered procelain 
dish, in 40 c.c. of pure nitric acid of sp. gr. 14, added a little at a time, 
10 c.c. of redistilled sulphuric acid, diluted with 10 c.c. of water, is added, 
tHb whole evapbrated to dryness on a water-bath, apd then heated on a 
sand-bath until^ulphur trioxide vapours begin to come off. The cooled 
mass is (Jissolved by warming with 150 c.c. of water, and, after standing 
fpr several hours in the cold, •the lead sulphate, together with any 
antimonic acid and lead antfmoniate, is filtered off on a small filter. 
The further treatment of the impure lead sulphate is carried out as 
described below. 

The filtrate is transferred to a large beaker, dflutdd to about 3CK)c.c., 
150 mg. of pot^^ssium fluoride free^froiji^iirsenic added, then 5 < 5 *c.c. of a 
pure aqueous solution of sulphur dipxide, followed by the calcylated 

1 Hutfen. 1887, 4(7, 49Q; Z. anal Chern,, 1888, 2?, 63 ; /. Chem. Soc, Absir., 

1888, 54> 324* ^ ^ 

^ Annaks des Mines, iSjs, p. 641 ; C^em^ 18J4, 61, 105. 

^ MitteiL 4 er techn» VemucHsanstalten zu ^Berlin, liSg, p, 76; Jl Soc, Chem^ 1 889, 
Mi 713 . 
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amot^nt of potassium iodide, dissolved in a little water and added little 
by little with stirring. Any iodine set free is removed by means of an 
aqueous solution of sulphur dioxide. 

Ten grams of pure copper require 26-2 g. of pure potassium iodide. 
The copper may be taken at 99 per cent, pure, so that only 26 g. of 
potassium iodide is added, the cuprous iodide being appreciably 
soluble in excess of potassium iodide solution. 

When the final portions of potassium iodide and sulphurous acid 
have been added, the mixture is warmed on a boiling water-bath ; tjie ^ 
dense greyish white precipitate settles in about ten minutes. The 
supernatant liquid, which is usually colourless, though occasionally of 
a faint greenish yellow colour, is decanted as completely as possible 
through a filter paper, the precipitate washed three or four times by 
decantation with 100 c.c. of hot water containing a little sulphuric 
acid, the free sulphur dioxide in the combined filtrates oxidised 
by iodine solution, and then sulphuretted hydrogen passed*"' for a 
considerable length of time through the warmed liquid. 

The sulphide precipitate, which contains arsenic and antimony, the 
copper not previously precipitated, and any bismuth, is collected on a 
filter, washed with water containing a little sulphuric acid and sulphur- 
etted hydrogen, and dissolved off the filter with hydrochloric acid 
and a little potassium chlorate ; the solution, after the addition of a , 
few decigrams of tartaric acid and dilution to 50 c.c., is rendered 
strongly alkaline with ammonia. Copper (and bjsmuth) are then 
separated out as sulphides, by Finkencr’s method, adding sniall 
quantities of dilute sulphuretted hydrogen water and warming gently ; 
the precipitate is quickly filtered off and washed with water containing 
a drop of ammonium sulphide; the filtrate from this precipitate is 
acidified with dilute sulphuric acid and warmed, and the arsenic and 
antimony precipitated with sulphuretted hydrogen. 

The impure lead sulphate mentioned above is, after ^Irying, removed 
as far as possible from the filter paper, which is itself destroyed by 
being treated with concentrated nitric acid in a porcelain crucible, the 
acid being evaporated off and the residue carefully heated with a little 
ammonium nitrate ; the main bulk of the lead sulphate is^mixed with 
from three fo six times its weight of a mixture of equal parts of sulphur 
and sodium carboftateV'placed in a crucible, the cover*put on, and the 
mixture* fused at a moderate t^ipperature. The melt is^xtracted with 
hot w;^ter and the lea^ sulphide (gontaining some bismuth and copper) 
filtered off arfti washed, lj'»'st with a diftite p<Jlassium sulphide solution, 
and then with diJute sulphuretted hydgpgen water. tTh% impurg lead 
sulphyie is converted into •feulpli^te ]?y treatment^with nitric acid and 
evaporation with sulphuric acid, and cvetgh^d Lead,f). 226). From 
the sulphuric atid filtrate atiy small quantity of bismuth may be 
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precipitated by neutralising with ammonia, adding a little ammonium 
carbonate, and warming for some time ; the separated basic carbonate 
is dissolved in a little hydrochloric acid, most of the free acid removed 
by evaporation and the bismuth precipitated, as oxychloride, by diluting 
largely with water. 

Antimony and sulphur are precipitated from the sulpho-salt solution 
by adding excess of dilute sulphuric acid and warming ; the washed 
precipitate is treated on the filter paper with hydrochloric acid and a 
little potassium chlorate. 

The mixture of antimony and arsenic sulphides, obtained from the 
filtrate from the cuprous iodide, is treated similarly. To the combined 
solutions a little tartaric acid is added, then a good excess of ammonia, 
magnesia mixture, and one-third the volume of absolute alcohol ; the 
whole is allowed to stand, covered, for forty-eight hours, to enable the 
magnesium ammonium arsenate to precipitate completely. The pre- 
cipitaffe is then filtered off, washed with a mixture of one volume of 
strong ammonia, three volumes of water, and two volumes of absolute 
alcohol, and weighed as magnesium pyroarsenate. 

The filtrate is gently heated to drive off the alcohol and most of 
the ammonia, acidified with sulphuric acid, ajid the antimony pre- 
cipitated with sulphuretted hydrogen. The precipitate is filtered off 
and washed with weak sulphuretted hydrogen water. If the precipitate 
contains apparently only a few milligrams of antimony, it is dissolved 
on the filter witlj yellow ammonium sulphide, the solution evaporated 
to^ dryness in a porcelain crucible, then oxidised with nitric acid and 
the antimony weighed as antimony tetroxide, Sb204 {cf. Antimony, 
p. 284). With larger quantities of antimony sulphide, the precipitate 
is washed off the filter paper into a porcelain dish, evaporated to dry- 
ness on the water-bath, after which the dish is covered and fuming 
nitric acid run’in from a pipette ; the antimony sulphide is oxidised to 
the oxide and sulphuric acid, with practical]y no separation of sulphur. 
MeanwJjile any antimony sulphide remaining on the filter paper is 
dissolved in a little ammonium sulphide and the solution evaporated 
to dryness in a porcelain crucible on the water-bath. The contents 
of the dish are transferred to this crucible, oxidised with nitric acid, 
evaporated, the sulphuric acid driven off, and the residue ignited in 
the open crucible, finally (or a couple of mintftes •over tlie blowpipe, 
and weighed ^s antimony tetroxiSe. 

Nickel, cobalt, iron, and manganese are precipitated together in 
the filtrate from the sulphide •precipitate, ^he solutiom is heated to 
boilijng in a^larg^ porcelain ^ish, the sulphuretted hydrogen oxidised 
with bromine wat^r, and the 'preypitatton then effected with pure 
sodium or po(^ssium hjrd|;o«:!tie,#the pfeci|)kate filtered off and washed 
with boiling water ; the mixture of hydroxides is theft dissolved in hot> 
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dilute sulphuric acid, with addition of a little aqueous sulphurous acid, 
the solution evaporated on the water-bath, and finally taken to dryness 
with a few drops of nitric acid. The residue, which should not smell 
of acid, is taken up with water, the solution cooled, neutralised with 
sodium carbonate, a little sodium acetate added (about six times the 
amount of the presumed iron), and the whole heated to boiling ; after 
five minutes the basic acetate of iron is filtered off, redissolved in a 
little hydrochloric acid, the solution diluted with water, unarmed, nearly 
neutralised with sodium carbonate, potassium iodide added, and tjie 
solution titrated with sodium thiosulphate.^ Five cubic centimetres 
of carbon bisulphide should be added, shaken up, and allowed to stand 
for half an hour before titration with the thiosulphate. The filtrate is 
concentrated by evaporation, transferred to a weighed platinum crucible 
of lOO to 150 c.c. capacity, ammoijium sulphate and excess of ammonia 
added, and the nickel and cobalt deposited together electrolytically in 
the platinum crucible {cf. Nickel, p. 322). Any manganese present 
separates as a brownish black flocculent precipitate of hydrated 
peroxide, a portion of which is deposited on the anode but can be 
easily removed. The hydrated manganese peroxide is collected on a 
small filter paper, washed with hot water, the filter with precipitate 
incinerated in a crucible, ignited strongly in presence of air, and weighed 
as Mn^O^. 

If the copper under investigation contains tin, this is separated as 
metastannic acid, together with antimonic acid and Jead antimoniate, 
by boiling the diluted nitrate solution ; the filtered solution is cooled 
and treated with potassium iodide, and so on. The dried precipitate 
is then fused with sodium carbonate and sulphur, the arsenic, antimony, 
and tin precipitated as sulphides, and dissolved in hydrochloric acid 
and a little potassium chlorate; this solution is heated gently for 
some time to remove free chlorine, cooled, treated with* a considerable 
quantity of pure hydrochloric acid of sp. gr. 1-19, and t;he arsenic pre- 
cipitated alone, as sulphide, by passing sulphuretted hydrogen for a 
considerable time (R. Finkener’s method). The liquid, after standing 
for several hours under a bell-jar, must still smell of sulphuretted 
hydrogen, otherwise more gas must be passed in ; the precipitate is 
filtered off Tnrough an asbestos filter and washed, first with strong 
hydrochloric acid ^atilfated with sulphureUcd' hydrogen, and finally 
with puVfe water. It is th<^^ dissolved off the filtgr with warm 
ammonia, the solution evaporated in a porcelain dish, and the 
residue oxidiced with Riming nitric* acid^in a covered dish and 
^evaporated to dryness ; the arsenic is then^precipitated as ammonium 
magnesium ar«enate. 

^ C/ Pszczolka, CAfm, News^ 47 » J Ji Irqn and SUeUImU^ 1890, I# 374 J 

Carnegie, Chinu 60, 87, ♦ 
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The hydrochloric acid filtrate from the arsenic sulphide is diluted 
largely with water, a portion of the free acid neutralised with ammonia, 
and the tin and antimony precipitated as sulphides by a current of 
sulphuretted hydrogen ; the precipitated sulphides are dissolved in 
hydrochloric acid and treated with iron, which precipitates the antimony 
quantitatively, while the tin remains in solution as stannous chloride. 
The *tin is precipitated in the filtrate from the antimony as dark 
brown stannous sulphide by means of sulphuretted hydrogen (cf* 
Tin, p. 259). 

The noble metals in marketable copper and in blister copper are 
determined by scorifying with lead, concentrating and cupelling 
(c/, Silver, p. 115), or they may be determined by the Combined 
Wet and Dry Method described on p. 114. 

The determination of bismuth by Jungfer’s method {/oc. at.) is carried 
out as follows : — Ten grams of copper is dissolved in about 50 c.c. of 
nitric *acid (sp. gr. 1*4), the clear solution diluted with 100 c.c. of cold 
water, and dilute sodium carbonate solution added, with stirring, until 
a slight permanent precipitate is produced ; the liquid is then stirred for 
a few minutes and allowed to stand for one or two hours. The whole 
of the bismuth is precipitated, and after allowing^o settle well is filtered 
off, washed thoroughly, dissolved in a little hydrochloric acid, most of 
the free acid evaporated off, and the bismuth precipitated as oxychloride, 
by dilution with about a litre of water ; after standing for from two to 
three days, the o^'ychloride is collected on a small filter paper, dried at 
I ro°, and weighed. 

The amount of pure potassium iodide used in this method is 
considerable ; the cuprous iodide is kept, washed by decantation with 
water, then stirred to a thin paste, and heated with an excess of clean 
iron turnings; the colourless solution of ferrous iodide is filtered off 
ahd the iron precipitated with a sufficiency of pure j>otassium carbonate, 
after which th^ solution of potassium iodide may be evaporated and 
the potassium iodide crystallised out. 

(b) Hampers Thiocyanate. Method.^ — A sulphate solution of the 
sample is made and filtered Trom lead sulphate and insoluble cuprous 
and bismuth antimoniates, the filtrate collected in a 2-litre flask, sulphur 
dioxide passed in, and the copper almo.st completely precipitated in the 
cold by means of a carefuljy measured amount *of an aqueous solution 
of pure potasjpium thiocyanate; a liyhl copper, and the wKdle of the 
arsenic, antimony, tin, bismuth, nipkel, cobalt^ iron, and marnganese 
remain in solution and estftnated by th^ methods described above 
(Me^iod (a)J.* 

To carry out tjie determiii^tiojp* 25 g. of copper is dissolved by 
warming in ajarge beakeij* wfth .a mixture ef 200 c.c. of water, 100 c.c, 
^ CAfm* Zeit^ i894,»l7, 1691 ; /. Soc^Chtm. 18^4, 13, 421. 

m • * 
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of pure sulphuric acid, and 45 to 46 c.c. of nitric acid (sp. gr. i'2i). 
According to the equation — 

sCu + 2 HNOs + 3H2SO4 - 3CUSO4 + 4H,0 4 - 2NO, 
the amount of nitric acid used is sufficient for the oxidation of the 
copper, and very little excess remains in the solution. After diluting 
with 200 c.c. of water, the lead sulphate is filtered off and treated as 
described above (Method (a)). To decompose the nitric acid, sulphur 
dioxide is passed into the filtrate, warmed to about 40*', so long as red 
fumes are evolved. Further treatment with sulphur dioxide precipitates 
metallic silver, and the addition of a few drops of hydrochloric acid 
precipitates the remainder of the silver as chloride ; after standing for 
twenty-four hours, the silver precipitate is collected on an ash-free 
filter paper, the paper incinerated, and the silver chloride scorified 
with a little lead and then cupelled as described on p. no. 

The solution is then transferred to a 2-litre flask, a rapid current 
of sulphur dioxide passed in, and an aqueous solution of potassium 
thiocyanate, nearly sufficient for the precipitation of the copper, added 
little by little ; the strength of the potassium thiocyanate solution must 
have been previously ascertained by standardisation with silver solution 
{cf. Silver, p, 122); io^-88 parts of silver are equivalent to 63-57 parts 
of copper. About 500 c.c. of the thiocyanate solution should be sufficient 
for the precipitation of 25 g. of copper. The treatment with sulphur 
dioxide is discontinued as soon as the liquid, after shaking, smells 
distinctly of the gas. The delivery tube is then removed, and the 
flask filled to the mark with water ; the liquid cannot be mixed in the 
flask, on account of the dissolved sulphur didxide, but must be poured 
into a large dry beaker and then well mixed by stirring. 

When the thiocyanate has settled fairly completely, the greater 
part of the solution is filtered through a dry pleated filter paper into 
a large dry beaker, and a measured portion, say exactly 1800 c.c., 
taken for analysis. • # 

The sulphur dioxide is driven off by heating the liquid, and 
sulphuretted hydrogen then passed for ^omc time. The filtrate from 
the sulphide precipitate contains a good deal of free sulphuric acid, 
as a considerable excess has been used for the solution of* the copper 
to prevent the precipitation of basic salts of bismuth ^nd of antimony 
during the dilution to* 2 litres; before preoipitating the nickel, cobalt, 
iron, and manganese with amirtania and ammonium sulphide, or with 
sodium hydroxide, thewgreater portion of this ^ree sulphuric acid should 
.be removed hp evaporating down and heating»the concentrated solution 
on a sand-bath. # The above n]etals^ai-e fhen precipitated from the 
solution after* dilution, an^ thei« separation effected by the usual 
methods (cf. Method (a)). • In tlbe^ analysis of particularfy pure brands 
of copper, 25 c.c.*of*sulphuric acid will suffict*for 25 g. of copper. 



SEPARATE DETERMINATIONS 


201 


For the calculation of the results, the volume occupied by the 
thiocyanate precipitate produced by 25 g. of copper must be known ; 
according to Hampe, its specific gravity is 2*999, The amount obtained 
from 25 g. of copper thus occupies 15*983 c.c. ; hence, the supernatant 
liquidLin the 2-litre flask occupies 2000— 1 5*983 = 1984*017 c.c. Assum- 
ing that from 1800 c.c. of filtrate the arsenic obtained was o*i02 g., the 
amount in the whole 25 g. of copper would be 


— Q*^Q^ ^ 1984.017 
1800 


g* 


Copper, oxygen, sulphur, and phosphorus are determined in separate 
samples. Selenium and tellurium separate with the silver, on passing 
in sulphur dioxide; they are determined as described on p. 21 1. 

For the determination of the noble metals, cf, the sections on Silver 
and Gold, pp. 115 and 150. • 


2. Separate Determinations. 

The separate determination of the several constituents in marketable 
copper is much more frequently required than the lengthy complete 
analysis. ^ 

Copper. — Five grams of an average sample is dissolved in 20 c.c. of 
nitric acid of sp. gr. 1*4, and the solution diluted to 250 c.c.; 50 c.c., 
corresponding to i g. of material, is then taken for the electrolytic 
deposition of the^ copper (pp. 170 et seq). This method is extensively 
used for blister-copper and for marketable copper. The copper in 
samples of metallic copper free from interfering impurities is frequently 
determined by the Iodide Method, p. 182. Samples of impure copper, 
especially when containing bismuth, arsenic, and antimony, should be 
subjected to a preliminary separation before electrolysis, 

• Total Oxygen.^ — (a) Reduction in Hydrogen. Ten grams of clean 
drillings ard* heated in a hard glass bulb^ in a current of pure dry 
hydrogen, at a dull red heat for about an hour ; the time, however, 
varies according to the size gf the drillings for strips, two hours, 
for l-inch cubes, five hours,* are necessary. The narrow end of the - 
bulb-tube should be drawn out to a length of about 20 cm. In samples 
containing much arsenic and antimony, these constitudhts volatilise 
partially and fbrm a mirror-like deposit in Iste narrow fiibe. Small 
quantities of ^sulphur (pro?)ably Cue sulphur dioxide, absorbed by 
the copper) may be evolved in the form of sulphuretted hydrogen, 
which may be oxidised^ in a •smafl bulb 1^ means of a mixtufe of 
hydmchloric <ici(;J and bromine and subsequently determined as barium 
sulpfiate. • • ‘ ‘ • 

H V - « 

^ ^ R. H. Graves, /. Insi. Afeials^ 191*2, T. West, /. JnsUMftals^ 1913, 10, 371. 

Archbutt, Anaiyst^ I90}, 30, a^S* * 
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The hydrogen is produced in a Kipp generator, from pure zinc and 
pure dilute sulphuric acid, and is purified and dried by passing through 
small wash-bottles, containing an alkaline lead solution, silver nitrate 
solution, and distilled sulphuric acid respectively. 

After allowing to cool and displacing the hydrogen by air, the loss 
of weight is ascertained; this loss, less the sulphur, *is equal to the 
total oxygen. Refined copper contains from 0-05 to 0*2 per cent of 
oxygen. 

When the copper is comparatively free from arsenic, antimony, agd 
sulphur, the heating in hydrogen may be carried out in a porcelain 
boat placed in a combustion tube and the water formed during the 
operation absorbed in suitable weighed tubes and the oxygen 
calculated from the weight of water obtained. A useful check is 
obtained by weighing the copper |fter the operation. 

Fig. 46 shows a suitable arrangement of the apparatus in which 
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hydrogen is generated from pure zinc and dilute sulphuric acid and is 
purified by passing through a train of wash bottles containing solutions 
of lead acetate, silver nitrate, and potassium hydroxide, and through 
a tube containing solid f>otassium hydroxide. It ij next passed 
through a heated Jena glass tube containing copper gauge, then 
through sulphuric acid and over solid potassium hydroxide. The gas 
m is next passed over the sample of copper contained in a boat in a silica 
combustion tube heated in an electric tube furnace, th^n through 
a weighed calcium chloride absorption tube, followed by a guard tube 
and aspirator. AlPpaftt of the apparatus sjiould be sealed together or 
connecteff together by ground gtljss joints secured by rujjber ban^s. 

In carrying out the^ determination, 10 g. of the copper drillings are 
introduced ink> the com^stion tube and absorption tube, guard 
lube and aspirator^ attached. A slow cuyen 4 of hydr(jgeit is passyl for 
^ half an^hour a»d the absorprion tu|^e detached and weigheS. The tube 
• is now replaced, the curronf of hydrogtfn.jjassed for a^quarter of an 
hour and the reduction commenced by heading* the silica tube to 750^ 
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measured by means of a thermocouple pyrometer. The heating is 
continued for one hour, then the furnace is allowed to cool whilst the 
hydrogen is still passed, the absorption tube detached and weighed. 
The loss in weight of the copper should be ascertained as a check, the 
boat neplaced in the combustion tube and the operation repeated until 
a constant weight is obtained. 

(b^ Reduction in Carbon Monoxide. E. Murmann ^ first used this gas 
for reducing oxidised copper ; he concluded that to reduce the oxide 
completely the metal must afterwards be heated in a current ot 
hydrogen. He calculated , the oxygen by weighing the copper before 
and after reduction. M. Lucas ^ also determined the oxygen in copper 
by fusing the copper with pure tin in a current of carbon monoxide 



rOH HOH HiSOf titSO^ HOff HiSSt 

Fio. 47. 


and weighii^ the carbon dioxide formed. He found the results 
obtained agreed with those determined by ignition in hydrogen. The 
method,*as used by T. West,^ is carried out as follows : — 

From 5 to lo g. of the driHings are weighed into a boat and inserted 
into a silica combustion tube, contained in an electrically heated tube 
furnace. Carbon monoxide, previously prepared by heattng a mixture 
of sodium forntate and sulphuric acid, is pasaed through •a series of 
purifj^ing and drying tubes *as ind^cate^^in Fig. 47. This train consists 
of a solution oT potassium hydroxide and solid potassium hydroxide to 
absorb carbon dioxide, a«heate<i silica tube containing copper gauze to 
remove oxygen, a solutiqp of potassium iVdroxide lo absorb an/ 

• ^ Monaish,^ 

^ ButL Soc, 1900 , 900 . 

® Lqc. ciU * • 
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carbon dioxide formed, strong sulphuric acid to absorb moistiire, 
another heated tube containing copper gauze followed by solid 
potassium hydroxide and sulphuric acid. After passing over the 
copper drillings the gas is passed through the absorption bulb con- 
taining potassium hydroxide solution and fitted with a tube containing^ 
solid calcium chloride and finally through a guard «tube containing 
sulphuric acid. The carbon monoxide is passed over the copper, 

^ heated to about looo'' for one to two hours and the oxygen content 
calculated from amount of carbon dioxide formed. The process rnypiy 
be modified by mixing with the copper, one-fifth of its weight of pure 
tin and the combustion may then be carried out at 900°, as at this 
temperature a molten alloy is formed. 

Cuprous Oxide, The cuprous oxide present in copper may be 
determined by taking advantage of the difference in behaviour of 
copper and cuprous oxide towards various reagents, especially silver 
nitrate,^ dilute hydrochloric acid in the absence of oxygSn,^ or 
ammonia in the absence of oxygen.^ 

In the silver nitrate method, a suitable quantity of the copper 
drillings is treated at 0° for 24 or 36 hours with a cold solution of 
silver nitrate containing less than 60 per cent, of the silver salt ; the 
precipitate obtained consists of a mixture of metallic silver and a basic 
copper salt according to the following reactions : — 

Cu + 2 AgNOg = Cu(N 03)2 4- 2 Ag. 

3 CU 2 O + fiAgNOa 4- 3H,,0 - 2 Cu(NO .,)2 + 2Cu2(0H;;r,N03 + 6Ag. 


The precipitate is filtered off, thoroiighl]? washed, and the copper 
determined electrolytically after separation of the silver present, or 
by some other suitable method, when the resulting figure, multiplied 
by 1*689, gives the cuprous oxide present. 

Sulphur. — The best method for this determination is that proposed 
by Lobry de Bruyn.^ Fiv« grams (less in the case of blister-copper) is 
dissolved in pure nitric acid, the solution diluted, and tht copper 
deposited electrolytically. To remote^ nitric acid, the solution is 
heated after the addition of a little sodium carbonate, first over the 
free flame aj^d finally on a water-bath ; the residue, which consists 
chiefly of ^mmonium^nitrate, is evaporated twice witjji 50 c.c. of pure 
hydrochloric acid, then taken up wjth hydrochloric acid and .water, 
and the boiling solution precfjpkated with barium chlorride solution. 

. • • • ^ ♦ 

^ X W. Hampe, anal, 13, 215 ; 1878, 17, I#7. Berg u, Iliitten, 

56, 301 , 297. Sabatier,^ rend,^ 1897, Z24, 363,^ * * 

® F. Jean, Ann,^Chim, anaLy i896,9Z, i85f / • » 

3 G. Coffetti, Gazz* Chim, ItaLy 19^9, ^ 9 , ^37 ; R. H. Greaves, 6 hem, NewSy 1909, XOO, 233. 
* Rec* Trav, Chim,y lo, 1 25 ; (Them, ZeiU Repty iSgi,* >5, ^54; /. Chem, Soc, Abstr,y l$92i 
6 *. 753 - * * * 
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Sulphur may be determined in the solution obtained by dissolving 
the copper, without the preliminary removal of this metal, provided the 
nitric acid is got rid of by evaporating with hydrochloric acid. 

Phosphorus. — This clement is seldom found in marketable copper 
and tljen only in traces. If the copper is free from arsenic, a con- 
centrated solutiom, containing but little free nitric acid, may be treated 
directfy in the cold with molybdate solution and a considerable quantity 
of solid ammonium nitrate ; the precipitate of ammonium phospho- 
mglybdate is filtered off after standing for twenty-four hours, and the 
precipitate weighed direct as described on p. 214 or converted into 
magnesium pyrophosphate by solution in ammonia, precipitation with 
magnesia mixture and ignition of the filtered precipitate. 

When the copper contains arsenic, which is present in most brands, 
10 g. is dissolved in just sufficient nitric acid, the solution diluted to 
200 c.c. and treated with sodium carb*bnate, as in the determination of 
bismuth by Jungfer's method (p. 199); sufficient sodium carbonate is 
added to the neutralised solution to precipitate about 0 2 g. of copper, 
The hydrochloric acid solution of the filtered precipitate is treated in 
a flask with 20 c.c. of aqueous sulphurous acid, boiled until it no longer 
smells of sulphur dioxide, and diluted ; sulphurqjtted hydrogen is then 
passed into the warm solution, which precipitates copper, bismuth, 

, lead, and arsenic as sulphides. The filtrate from this precipitate is 
evaporated, the residue again evaporated with 5 c.c. of nitric acid, 
taken up with a few drops of nitric acid and a little water, and treated 
with molybdate solution in the usual way. The phosphoric and arsenic 
acids are completely precipitated with the copper carbonate ; it is best, 
however, to warm the turbid liquid for several hours in a water-bath 
with frequent stirring, instead of simply stirring, as recommended by 
Jungfer. 

• Arsenic. — This is rapidly determined by E. Fischer’s distillation 
method.^ Tfie^arsenic from 10 g. of coppgr is first precipitated as 
basic argenate, together with copper carbonate, as described above, 
the precipitate filtered off, disrsolved on the filter in a little concen- 
trated hydrochloric acid, and the filter paper washed with concentrated « 
hydrochloric acid ; to this solution, contained in a flask of about 300 c.c, 
capacity, 10 g. of ferrous sulphate and 75 c.c. of pure ffltning hydro- 
chloric acid ar 5 added. (Instead of the ferRhis "isulphafe, 10 g. of 
Mohr^s salt, or^ according to Claris 5 §^*8^ solid cuprous chloride,^ may 
bq used.) A white rubber stopper, ^provided with a tube 3 mm. wide, 
bent at an angle of yd" a^^d havhig each liml;^ 10 cm. in length, is fibced 
into die neckt)f tjie flask; 4 he^tube is connected, by means of a piece^ 

* ' * • * • 

^ 778 ;V/ also, Piloty and Sfocl^ i>V., 1897, 30, 1649; Beck anS Fisher, 

tmm, NewSf 1899, 80, 359. ‘ ‘ 

« C/Vol. I.,p. 379. 
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of Strong rubber tubing, with a 50 c.c. pipette, the end of which dips 
several millimetres below the surface of air-free water, contained in a 
' beaker. 

^ The flask is placed on an asbestos tray, the contents heated to 
boiling, and the heating continued until about half the liquid has 
distilled over; the arsenic is thus volatilised as arsijnious chloride.^ 
The arsenic in the liquid is determined gravimetrically by gently 
warming, and then precipitating the arsenic as sulphide by means of 
sulphuretted hydrogen, filtering through a tared filter, drying Jpr 
three hours at 105° to 110°, and weighing the pure sulphide. 
AsgSg X 0*6092 = As. 

The following volumetric method is equally accurate. The distillate 
is neutralised with sodium hydroxide, just acidified with hydrochloric 
acid, an excess of .sodium bicarbonate added, and a little freshly 
prepared starch solution, and the solution titrated with iodine solution 
(</. Vol.I.,p.72):- 

Asp3 + 4l + 2n.p == As.Pr, + 4HI- 

In Fischer’s distillation method, as later investigations have shown, 
several distillations are necessary for the complete volatilisation of the 
arsenic, unless very strong solutions of hydrochloric acid, or the gas 
itself, are used in the operation. Odling ^ dissolved the copper in ferric 
chloride and hydrochloric acid, and continued to boil after complete ' 
solution had been effected, when the arsenic distilled over as arsenious 
chloride ; to raise the boiling point, which should not»exceed 115^ and 
so ensure the complete volatilisation of the arsenic, T. Gibb*^ added 
calcium chloride to the hydrochloric acid s&lution of ferric chloride. 
A suitable solution is made by dissolving 600 g. of calcium chloride 
and 300 g. ferric chloride in 600 c.c. hydrochloric acid and making 
up to I litre with water. Beringer^ found that on boding a solution 
of ferric chloride And hydrochloric acid with coppef containing 
3-48 per cent, of arsenic, cnly 274 per cent, was volatilised by one 
evaporation ; whereas, with the addition of calcium chloaide, the 
whole of the arsenic was volatilised. •Fpr the determination, 5 g. of 
^ the copper in a finely divided state is taken, 150 c.c. of the solution 
added to it jn a suitable distillation flask, and solution effected by 
gentle heating followed by distillation, which shoul^ be continued 
until the ^temperature of the liqui<^ reaches 115°. The distillgite is 
conveniently collected in a three-bulb U-tube containing a little 
water .and kept cool Jby placing ^in a beaker of cold water. The 
^rsenic in thS distillate/ is determined by* means of dilute iodine 

1 C/, also, method des</ibed on p. 242. 

CAem. * 

3 //W., 1882,45,218. • * * • ♦ 

’ ^ Text-hook of A%saying^ 15th ed., ^J2I, p. 385. 
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solution. {Cf, also the following section on the Determination of 
Antimony.) A blank determination with pure electrolytic copper 
should be made and an allowance thus made for arsenic in reagents. 

Antimony. — The separate determination of antimony is seldom 
carried out ; it may be determined in conjunction with arsenic in the 
filtrate from cuprous iodide or thiocyanate {cf. Complete Analysis, 
sectiolis (a) and (b)). 

A rapid volumetric method for the determination of antimony and 
arjgenic in copper and cupreous materials generally, is due to Allan 
Gibb.^ The ferric chloride and calcium chloride mixture, as used 
for the distillation of arsenic, solidifies at a temperature which is below 
that at which antimonious chloride is volatile, but, if the calcium chloride 
and ferric chloride are replaced by a saturated solution of zinc chloride, 
a temperature at which antimonious chloride can be volatilised is readily 
attained ; the antimonious chloride is not entirely carried over into the 
condeil8ing apparatus, a portion of it collecting in the neck of the 
distillation flask, as practically the whole of the hydrochloric acid is 
driven off before the antimonious chloride begins to volatilise. It is 
therefore essential to introduce at this stage some material which shall 
cause a flow of gas sufficient to carry over the, antimonious chloride. 
The difficulty is surmounted by the introduction of hydrochloric acid 
, when the requisite temperature has been reached. The interval in 
both time and temperature between the volatilisation of the arsenic 
and antimony permits each chloride to be collected separately with 
absolute certainty. 

To ensure the reduction of the arsenate and antimoniate, it is well 
to dissolve part, at least, of the copper in the distillation flask, and it is, 
therefore, necessary that a reagent capable of bringing the copper 
rapidly into solution should be added to the acid solution of zinc 
chioride. Suitable mixtures of zinc and ferric chlorides solidify at 
temperatures* below that necessary for the distillation of antimonious 
chloride^but a mixture of zinc and cupric chlorides with hydrochloric 
acid serves well, and such a mixture remains liquid at a temperature 
considerably over 200'’. • « 

The process is carried out as follows: — The weighed sample is 
dissolved in nitric acid or aqua regia, and the solution, diluted to about 
250 C.C., heated* nearly to boiling; in the abf^ncef of an ^appreciable 
amount of iron in the sample, iVc. ^oi^a saturated solutloiT*of ferric 
chloride is added, and then solid sodium bicarbonate, until a small 
permanent precipitate is flroducftd in the hot ^lution. TJiis precipitate 
carries down witl^it all the.arsjnic and antimony as phasic ferric salts.* 
The precipitate is aUowed to sAtle^ filtered off through^ a smay filter 
paper, washed jvith hot wajer to removfc iJStrates, and introduced into 
‘ J' Ml 185. 
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the distillation flask with 50 c.c. of the mixture of zinc chloride, cupric 
chloride, and hydrochloric acid. 

This solution is made by mixing a saturated solution of zinc chloride 
with an equal volume of hydrochloric acid containing 100 g. of copper 
per litre, in the form of cupric chloride ; it should boil at about; 108°, 
and is accordingly concentrated or diluted as required.# 

About 0-25 g. of pure electrotype copper must be introduced into 
the flask, together with the precipitate, to reduce the arsenic and 
antimonic acids, though when the material under examination ^is 
metallic copper itself, a portion of the weighed sample may be 
reserved and used instead, as mentioned above. 

The most suitable apparatus for the distillation is an ordinary round- 
bottomed 250 c.c. fractionating flask, in the neck of which is a rubber 
stopper provided with two holcs^ through which pass a thermometer 
reaching down to within half an inch from the bottom of the flask, and a 
small tap-funnel containing hydrochloric acid ; the stem of thi^ funnel 
reaches about half-way into the body of the flask, and after being drawn 
out to a point, is bent so as to carry the cold hydrochloric acid aw^ay 
from the thermometer, and so obviate the danger of cracking the bulb. 
The end of the deliveiiy tube from the flask is bent and passed through 
a stopper in one arm of a three-bulb U~tube, standing in cold water, in 
which the distillate is condensed; the U-tnbe contains just sufficient 
water to form a lute. The flask is first heated over wire gauze to 
gentle ebullition, until the thermometer registers 1 5 ; the whole 
of the arsenic has by this time come over and the condensing tube 
is removed and a fresh one attached. It is unnecessary to remove 
the burner and so cool the flask during this changing of condensers, 
as no antimony will come over. The wire gauze is then removed and 
the flask heated over a free flame until the temperature reaches 150"" 
to 160'', which occurs in from ten to fifteen minutes; 5 bout 10 c.c.^f 
hydrochloric acid is then /un in cautiously from the Jap-funnel. As 
the acid enters the flask, dense white fumes are evolved, and J:he flow 
is regulated so that a steady stream of gas passes from the flask ; care 
must be taken that no liquid acid falls on* the fused zinc chloride. The 
heating is continued until the flask is cleared of fumes^ when the 
temperature is usually about 200° ; the second distillate is then 
removed, the fittfngs'lof the flask discopnected, an*d the contents 
allowed *to cool, when the soijkyfiecf chlorides may be^ removed with 
warm, water. ^ ^ 

The distillates are titrated with iodfne solfition, made by dissolving 
0*85 g. of iodine apd 2 g. of potassium iqpiide in abou^: 25 c.c. of water 
and making up to a litre ; i e.c. oAjjis Elution is equivalent to 0 00025 
of arsenic or to 0*0004 g* of antfmonj^ •Thp titration iij carried out as 
follows:— The dfstillates are hashed into gfparate flasks and a little 
^tartaric acid added to the lantimony distillate ; fhfe acM solutions are 
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neutralised with ammonia, slightly acidified with hydrochloric acid, 
and about 2 g, of sodium bicarbonate added to each. Starch solution 
is used as indicator, and a blank titration should be carried out on pure 
electrolytic copper. 

Bismuth. — This metal is one of the most detrimental of the 

• impurities in c(jpper, and therefore the accurate determination of 
small quantities is a matter of considerable importance. 

Jungfer^s method of determining bismuth has been described above, 
p. 199. The following method may be employed : — Ten grams of 

* copper is dissolved in a beaker in 60 c.c. of nitric acid (sp, gr. 1-3), any 
residue being filtered off and fused with sodium carbonate and sulphur, 
as described under the heading, “Complete Analysis,’’ section (a); the 
clear solution is so far neutralised with pure sodium hydroxide, that a 
Congo red test paper is rendered only faintly blue, and is then trans- 
ferred to a 5 litre flask, diluted with 4 litres of distilled water, 5 g. of 
sodium ahloride added, and the whole well shaken. (The sodium chloride 
keeps the small quantity of silver chloride in solution.) After standing 
for three days, the precipitate is completely settled, and the clear liquid 
may be syphoned off and filtered ; the precipitate is washed on the 
filter paper, dissolved in a little hydrochloric acid, the solution made 

t slightly alkaline with ammonia, and the bismuth - iron - antimony 
^precipitate filtered off, washed, and dissolved in a little hot nitric 
acid of sp. gr. i«2. Sulphuretted hydrogen is then passed into the 
diluted solution, and the resulting precipitate is treated on the filter 
with yellow ammonium sulphide; the bismuth sulphide, which 
rentains behind, is dissojved in hot nitric acid (sp. gr. 1*2), the 
solution rendered slightly ammoniacal, and the washed bismuth 
hydroxide precipitate, which is now quite free from sulphuric acid, 
dissolved off the filter with hot nitric acid, and the solution evaporated 
in a large porcelain crucible ; the residue is heated first on a hot plate 
or sand bath* then over a free flame, and finally *gently ignited and 
weighed as bismuth oxide. BigO^x 0-8969 = Bi. 

The Aethod of Fernandez-Krug and Hampe^ is based on that of 
Fresenius and Haidlen- for the separation of copper and bismuth by i 
means of potassium cyanide solution. Ten g. of copper is dissolved 
in 40 c.c. of nitric acid (sp, gr. 1-4) and the solution etaporated to 
dryness in a pla^'num or porcelain dish, on a water«bath, ^^ith 20 c.c, 
of dilute sulphuric acid (i to* l); tlfe residue is heated on a hot plate, 
until evolution*of sulphuric acid fumes commences, the cooled mass 
dissolved by warming wkh 1751 c.c. *of a mixtufe of 2SgC.c. of Sikite 
sulphuric acid,(i to i) ancl^i50 c.c. of water, \he solution cooled, and* 
the leSd sulphate,Vhich is free*ftt>m bJsmuth, filtered off* 

• # * 

private commuruoatiSn t9 Prof. AfahL • 

*'* Fresenius, ^uantitaiivt Amly^is^ 7 th cd., vol. ii., p. 4 !b 3 . 
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The lead sulphate, after being weighed, is examined for antimony 
by fusing with sodium carbonate and sulphur, and the antimony, if 
present, determined in the aqueous solution of the melt, as in the 
complete analysis. 

The filtrate from the lead sulphate is treated with 25 c.c. of 
hydrochloric acid (sp. gr. 1-125), diluted with water t|) 350 c.c., and a 
rapid current of sulphuretted hydrogen passed in until the precipitation 
of the copper is complete ; the precipitate is heated nearly to boiling 
on the water-bath for an hour, the bulky precipitate transferred to an 
iron-free filter paper and washed well with boiling water. The filtrate 
must be tested with sulphuretted hydrogen water, to ascertain if any 
copper remains in solution ; after concentrating by evaporation, this 
filtrate serves for the determination of the iron, nickel, and cobalt. The 
washed precipitate is transferred to a beaker by means of a bone spatula, 
and by washing it off the filter paper with a little water ; it is then stirred 
well with solid potassium cyanide until all the copper sulphide is dtssolved, 
giving a pale yellow solution, which is gently warmed and poured through 
the filter, which still retains a little copper sulphide ; if necessary, this 
residue of copper sulphide must be treated with a little hot potassium 
cyanide solution. The bismuth sulphide remaining in the beaker and 
on the filter is washed with hot water, dissolved in warm dilute nitric 
acid, an excess of ammonia and ammonium sulphide added, and the, 
whole heated for ten minutes in a water bath ; the precipitate is then 
washed, again dissolved in dilute nitric acid, and the bismuth precipi- 
tated as h3^droxide by means of ammonia, which is added carefully, 
drop by drop, to slight excess ; any tra«es of copper remain in 
solution. The bismuth hydroxide is then dissolved in dilute nitric 
acid, the solution evaporated to dryness in a porcelain crucible, and 
the residue converted into the oxide by careful heating and ignition, 
and weighed. • 

The Colorimetric Deter^nination of Bismuth^ as described b}^ C. and 
J. J. Beringer,^ is rapid and deserves the special notice of technical 
chemists. It depends on the solubility of the dark brown* bismuth 
• iodide, Bilg, in potassium iodide solutfon, and the gauging of the 
bismuth content of the intense yellow to brownish yellow solution, after 
dilution to a^pecified volume, by comparison with standard solutions of 
known bisniuth cofitenitj square bottles of the same shape and size beings 
employ^<f.2 According to Be|^jger,®the nitrate solution from i& g, of 
coppej- is neutralised ^with sodium carbonate, treated with i to 1-5 g. 
of sodium bioarbonate, l^iled for ten •minutes, the precipitate filtered 
off, dissolved in l^ot dilute sulphuric acid, an excess of sulphur dioxide 
• . • / • . 

^ A of Assaying, C. and %enng^, 15th ed., 1521, p. 223. Cf aUo, Th« 

Colorimetric Estimation of Small Quantities Bfsmuth,*tllis v>l., p. 249. t 
® O, Heine’s Colonm^tric Copper Assay, this vol., p. 4§8. 
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and of an aqueous solution of potassium iodide added, the whole boiled 
and filtered, and the filtrate diluted to 500 c.c. ; 50 c.c. of the yellow 
solution are compared with the standard solutions. 

Xin. — This seldom occurs as an impurity in copper; it is separated 
and determined as described under Complete Analysis, section (a). 

Selenium and Tellurium. — Small quantities of these elements are 
frequently found in certain brands of marketable copper, and it is 
possible that the presence of selenium in copper may account for the 
solution of a small quantity of gold, as it has frequently been noticed 
that wet methods give lower results than the dry assay for gold 
in copper. 

During the solution of copper for complete analysis by Hampe’s 
method (Complete Analysis, section (b), p. 199), selenium goes into 
solution as selenic acid, H5jSe04, and tellurium as tellurious acid, 
HgTeOji both are precipitated quantitatively by the continued action 
of sulphur dioxide on the warm solution, the deposit consisting of a 
dark red or blackish powder of the elements. Selenium gives first an 
orange-yellow turbidity, and then a red precipitate, which gradually 
becomes reddish black and at the same time covers the tellurium, 
which is precipitated simultaneously. Silver comes down at the same 
time. Should their presence be indicated in this way, the mixture 
• of selenium, tellurium, and silver is treated with nitric acid, the 
solution evaporated, the silver precipitated by evaporation with a 
little hydrochloric acid, filtered off, and the selenium and tellurium 
precipitated together by warming the solution, with repeated additions 
of sulphurous acid. The precipitate is collected on a tared filter, then 
dried for four hours at about 1 10'', and w^eighed. The filtrate should be 
tested by warming with sulphurous acid. 

Should more than a few milligrams be present, an approximate 
separation may be effected by H. Rose’s metho^,^ as follows ; — The 
material is transferred, as completely as pQssible, from the filter into 
a Rose’^ crucible, and the filter paper re-weighed; the mixture of 
selenium and tellurium is then fused with at least twelve times its 
weight of potassium cyanide at a moderate temperature for ten minutes * 
in a current of hydrogen, and the melt allowed to cool^in hydrogen, 
extracted with hot water, the dark red solution of potassiym telluride 
diluted considerably, and , the tellurium pr&ipitated, as a black 
crystalline po^yder, by passing air t^f^ugh the solution for several 
hours; the precipitate is collected, on a tarec^ filter, dried fot four 
hours at 100° to iio®,tand weighed. Selenium is Estimated by^ 
difference. t • • « 

As a rule, the d^termination\>f i^eleniufti and tellurium together is 
sufficient; the# total amount < 5 f the twb in ^ood tough copper rarely 

* • f • 

^ Roae-Finkener, H$mdbuch d, analyinchtn Chtmie^ vol. ii., p. 431. 
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exceeds o-oi per cent^ Tellurium, in presence of selenium, may be 
easily detected qualitatively by gently warming a mixture of the two, 
in a test tube, with i or 2 ex. of concentrated sulphuric acid; 
according to von Kobell, the tellurium dissolves first, producing a 
cherry-red coloration ; on stronger heating, this coloration disappears 
and the presence of selenium is then indicated by ther^yellowish-green 
colour of the boiling sulphuric acid. 

Selenium may be detected also by the characteristic odour pro- 
duced on burning, and tellurium by the formation of sodium tellurite 
on fusion with sodium carbonate and powdered charcoal ; the cooled 
melt, treated with a little water, gives a purple coloration, which soon 
becomes turbid with separation of tellurium. 


3. BLISTOR-COPPER 

Blister-copper is always impure, and contains up to 7 per cent, of 
foreign elements in variable amounts. Iron and sulphur are always 
present ; in addition, the following may occur : lead, arsenic, antimony, 
bismuth, zinc, nickel, cobalt, tin, gold, silver, platinum, selenium, and 
tellurium. 

As bars are by no means homogeneous, an average sample is best 
obtained by drilling completely through a considerable number of bars 
and mixing the fine drillings well together before weighing out. 

The analytical examination is conducted essentially as described 
under Marketable Copper (Complete Analysis, sections (a) and (b), 
and also Separate Determinations, pp. 201 The noble metals 

are best determined in the dry way by scorification and cupellation, 
or by the combined wet and dry method (cf. Silver, p. 1 14). 

To determine the sulphur, the drillings are dissolved in strong nitric 
acid, as described under the sulphur estimation in copper pyriffes, 
p. 191 ; it is to be borne irk mind that lead sulphate may be contained 
in the insoluble residue, which must, therefore, be extracted with 
ammonium acetate, and the lead rejTrecipitated with sulphuric acid 
* (or as chromate), and the sulphur in the insoluble matter calculated 
from this resqlt (cf, also p. 204). 

• • • f * 

• • 4. CEMENT COPPER (CGPPER’PRECIPITATE) 

« • • 

Copper precipitate^ produced from copper liquors and mine liquors, 
by means of iron (pig ii;i>n, scrap, and* spon^ iron), is usually moist 
and contaminated by many foreign fnetels, and ^alsd by arsenic, 
antimojny, basic salts of iron, etc.^ ^ 

^ Bgleston found o^pS per cent, of tel|piu9i in a Colorado copper. As ifltle as 0*03 per cent 
in copper produces red-shortness. #• 
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Sampling may be effected by taking a considerable quantity from a 
large number of bags, so that the total amount is, say, 25 kg, ; this 
is dried and sieved through various sized metal sieves, loss through 
dusting being avoided, so that three or four different products are 
obtaiaed, portions of each of which are taken, in the ratios of their 
respective weights, so that ultimately a sample of from 100 to 200 g. 
is obtained for analysis. 

For the analysis, a solution of 100 g. is prepared and diluted to 
2 •litres: in one portion of the solution copper, bismuth, arsenic, 
antimony, lead, and iron are determined, according to the methods 
described for marketable copper; the noble metals are assayed in the 
dry way. 

Moisture is determined on a separate sample of several hundred 
grams by heating to 100°. ^ 

Chlorine is determined by boiling 50 g. with about 300 ex. of very 
dilute nitric acid (one volume sp.gr. i-2 to ten volumes water), filtering, 
and precipitating a tenth part of the filtrate wnth silver nitrate. 

5. COPPER SCALE, SWEEPINGS, AND RESIDUES 

In the absence of dirt, particles of wood, etc., the material is crushed, 

• and a large sample, weighing several kilograms, sieved through various 
sized metal sieves, and proportional parts are mixed, from which 
a sample of aboqt 50 g. is weighed out; pieces of iron are removed 
wifh a magnet. The remainder is warmed for an hour in a covered 
porcelain dish on a watew-bath with 300 c.c. of ordinary hydrochloric 
acid, 30 c.c. of nitric acid (sp. gr. 1-2) being added, little by little; as 
soon as effervescence has ceased, the solution is cooled, diluted, and 
washed into a litre flask ; 50 cx. is then withdrawn, evaporated down 
with 5 c.c. of Sulphuric acid, the residue taken up with water, a little 
nitric acid a*d4ed to the solution, and the, copper deposited electro- 
lytically^ The filtered sulphate solution may also be precipitated 
with sodium thiosulphate, and J:he sulphide dissolved and determined 
volumetrically. * < 

Clean qopper scale may be dissolved in concentrated nitric acid, 
and the solution, after dilution, electrolysed, * 

Sweepings c*ontaining qrganic matter are ?irst burnt, then sieved, 
and, when anx amount of metallfcs ij»^isible, the material \S warmed 
for one or two hours with nitric acjd, a little hydrochloric acid^ being 
also added. The soluti^ is tben diluted apnsiderablji^ and so much 
takers as corrdfepoKids to from 2»to 2-5 g. of material ; this is evaporateef 
with sulphuric acid jand treated**as psual. ^ Should the material ^consist 
allhost entirel)* of oxides, it* i^ dkssolveti in 4 iydrochloric acid, with the 
addition of a little nitric agjd. * * 
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6, PHOSPHOR-COPPER, SILICON-COPPER, AND 
MANGANESE-COPPER 

Phosphor-copper is principally added to bronze alloys as a 
deoxidising agent, in place of red phosphorus; silicon-copper is used 
in the manufacture of silicon-bronze (for telegraph wires, ^ etc.) ; 
manganese-copper is employed in the manufacture ♦ of manganese- 
bronze. They are made, as a rule, from very pure copper. 

All these alloys are brittle and easily powdered ; they are analysed 
in the form of very fine powder. ^ 

Phosphor-Copper — This contains up to 1 5 per cent, of phosphorus. 

Determination of Phosphorus.— YidM a gram ofthe very finely powdered 
material is heated for a considerable time in a porcelain dish, over a 
very small flame, with 10 c.c. of nitric acid (sp. gr. 1-4); if, at the end 
of half an hour, any material ^s still undissolved, a few drops of 
hydrochloric acid are gradually added, and the solution obtained is 
evaporated with 10 c.c. of ordinary nitric acid. (Phosphor- copper 
dissolves more rapidly in aqua regia, but a considerable amount of 
phosphorus volatilises as chloride.) The residue from the evaporation 
is taken up with a little nitric acid and water, any silica filtered off, 
ammonia added in excess, and the phosphoric acid precipitated with 
magnesia mixture. Traces of copper in the double salt have practi- 
cally no influence on the result ; the washed ammonium magnesium ^ 
phosphate may, however, be dissolved in dilute hydrochloric or nitric 
acid, and reprecipitated pure by the addition of a little magnesia 
mixture. The precipitate is converted into magnesium pyrophosphate, 
and weighed. MgjjPoOy x 0 2787 = P. ' 

The phosphoric acid may be precipitated by means of molybdate, 
in the following manner: One-fifth of the solution of 0-5 g. of material 
is concentrated to about 10 c.c. by evaporation in a porcelain dish of 
250 c.c. capacity, 1^0 c.c. of molybdate solution, prepared as given 
below, is added, and as much ammonium nitrate as wilUdissolve in the 
cold ; the phosphoric acid is precipitated quantitatively, as arvmonium 
phosphomolybdate, in from twelve to eighteen hours. The precipitate 
* is filtered through a hard pressed filter paper with a smooth surface, 
and is washe^d with a 20 per cent solution of ammonkim nitrate, 
containing ja little nitric acid ; final washings should be given with 
5 per cent nitric acid and water. The molybdate precipitate is dried 
at 100® to no®, brushed off thiJtfilter paper and weigh/id, or may be 
filtered on to a tare 4 filter papqr, dried, and weighed. The yellow 
^alt contains ^-753 per (pent of phosphorus^ pentoxide, or 1*639 per 
cent, of phosphoHus. 

The moly Wate solutionMs pre^parSd as follows : — Eighty grams of 
ammonium molybdate is ^hakfen with ^401 c.g. of water and 160 cc. 
of ammonia (sp. gi? 0-925) in a flask until idissolved, and this solutloia 
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poured in several portions, with continuous stirring, into a well-cooled 
mixture of 960 c.c. of nitric acid (sp. gr. i-i8) and 240 c.c. of water ; the 
clear solution is syphoned off and kept in a stock bottle, covered with 
a beaker or other loose cover ; if kept in a tightly stoppered bottle, 
considerable quantities of a yellow acid ammonium molybdate soon 
» begin to separa^p. 

EAess of this solution must be employed for the precipitation, so 
that not more than two-thirds of the quantity added will be actually 
required to form the yellow precipitate. 

Any arsenic acid in the assay solution comes down in the main 
as ammonium arsenomolybdate ; dissolved silica is also precipitated; 
both these must, therefore, be removed beforehand {cf. Separate 
Determinations, Phosphorus, p. 205). 

Determination of Copper . — One gram of the fine powder is dissolved 
in a covered porcelain dish by mean^ of a mixture of 10 c.c. of nitric 
acid (spL gr. 1-2) and 5 c.c. of ordinary 25 per cent, hydrochloric acid, 
the .solution evaporated down with i to 2 c.c. of pure sulphuric acid, 
10 C.C. of water added, and the evaporation repeated; the residue is then 
dissolved in water and electrolysed, after acidifying with nitric acid. 

Silicon-Copper. — This may contain up to 50 per cent, of silicon. 
For the analysis, i g. of the finely powdered material is heated for 
.some time in a covered porcelain dish with 10 to 20 c.c. of nitric acid 
(sp. gr. 1*4), I to 2 c.c. of hydrochloric acid added, the mixture again 
warmed, then evaporated with 2 c.c. of sulphuric acid, and the residue 
heated until sulphuric acid vapours are given off ; the silica is thus 
rendered insoluble. The, residue is taken up with water, the solution 
warmed, the silica filtered off, washed with hot water, and the copper 
precipitated from the filtrate. The filter paper with the silica is burnt 
wet in a platinum crucible and finally ignited strongly. After being 
weighed, the sflica is tested for purity, by dissolving it in 10 c.c, of 
pure hydrofllioric acid and a drop of sulphuric acid, the solution 
evaporated, the evaporation repeated with sulphuric acid, and any residue 
of copper oxide strongly heated in presence of air, and weighed. 
5102X0-4693 = Si. • , 

Manganese-Copper. — The manganese content varies, and may be 
as high as 40 per cent. Sampling is effected by drilling a few ingots 
and mixing thrf fine drillings thoroughly. Martganese-copper always 
contains a little iron (i to 4 per ceht.),^^ittle silicon, and the impurities 
from the copper used. 

The analysis is carried out*as follows r-^One gram^of drillihgs is 
dissolved in a cqyered porcelsyn dish, in 10 fo 15 c.c. of dilute nitrief 
acid, the sofution evaporated yXith 2* c.c. of sulphuric j^cid, the silica 
rendered insolyble by further heajing, the 1:Qoled residue then \vartned 
with sulphuric acid an 9 water, the •solution filtergdf and the silicon 
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determined as in the case of silicon-copper; any lead is retained as 
lead sulphate with the silica, and is dissolved out by treatment with a 
hot solution of ammonium acetate. The filtrate is diluted to 400 or 
500 C.C., a few cubic centimetres of sulphuric acid added, the copper 
precipitated by passing sulphuretted hydrogen into the warm solution, 
the precipitate of copper sulphide washed with water Sontaining^a little 
sulphuric acid and sulphuretted hydrogen, and dissolved in nitric acid, 
and the solution electrolysed (p. 173). The filtrate from the copper 
sulphide is evaporated in a porcelain dish, and, after the sulphuretted 
hydrogen has been driven off, oxidised with a few drops of bromine 
water and concentrated to about 200 c.c. ; the cooled solution is made 
up to 300 C.C. in a graduated flask, and one-third of this taken for the 
determination of the iron, by reduction with amalgamated zinc and 
titration with potassium permanganate; the remaining two-thirds is 
used for the determination of the manganese which is precipitated by 
adding bromine to excess and then boiling w’ith ammonia, filtering, 
igniting and weighing as Mn304,(Mn30^xo 7203 = Mn) or by titration 
with permanganate (Volhard’s method, pp. 30 ct scq.). 

7, ALLOYS OF COPPER WITH TIN, ZINC, LEAD, IRON, MANGANESE, 

AND NOBLE METALS’ 

(a) Bronzes. 

(Bell metal, gun metal, phosphor-bronze, phosphor-lead bronze, 
machine brasses, manganese bronze, statuary and medallion bronzes, 
silicon-bronze.) * 

One gram of drillings is treated with 10 c.c. of pure nitric acid 
(sp. gr. 1-4) and 10 c.c. of water in a 250 c.c. beaker covered with a 
clock-glass. When violent action has ceased, the solution is gently 
heated, and, after nitrous fumes have disappeared, it is evaporated to a 
syrup, 100 C.C. of hot water is added carefully, and the whole boiled 
for five minutes ; the metastannic acid is filtered off on a pulp filter, 
washed with hot 5 per cent, nitric acid fojlowed by hot water, dried, the 
* pulp filter, containing the precipitate, is burnt in a porcelain capsule, 
and the whoje strongly ignited for ten minutes, allowed to cool in a 
desiccator (or half^an Jiour, and weighed. SnOj, x 07877 = Sn. 

In certain alloys, the metastannij acid ^is liable to be contaminated 
with antimony, arsenic, phosj^erus, iron, copper, etc.,«and should be 
dissolved in hydrochjoric acid is th^ presjtnce of zinc, reduced by 
.gently boiling with iron* and titrated with ’standard iodine (cf. Tin 
p, 260). 

’ For copper-nTckel alloys and German ifllver, se^ Nickel, p. J33 ; for white metals (anti- 
friction alloys) and hritannia metils, see Tin, p.*265 ; f6i»alu|ninium broKes, see Aluminium, 
p. 316. 
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The filtrate from the metastannic add is evaporated on a water- 
bath in a wide beaker with 2 c.c. of sulphuric acid, the residue dis- 
solved in 30 C.C. of water, the lead sulphate filtered off at the end of an 
hour on a small filter, washed several times with cold water containing 
a little sulphuric acid (0-5 c.c. acid to 100 c.c. water), and finally with 
pure water, the:^ dried, and the paper incinerated at a low temperature 
in a ffbrcelain crucible ; if lead prills are formed, the residue is warmed 
with a little dilute nitric acid on the water-bath, a drop of sulphuric 
acid added, the excess of acid evaporated off, and the residue ignited. 
T^e larger portion of the lead sulphate is previously transferred from 
the filter paper to a sheet of glazed paper, and is now added to the 
contents of the crucible. PbS04 X 0 6832 = Pb. 

The filtrate from the lead sulphate Is treated with 5 c.c. of 
sulphuric acid and 0-2 to 0 5 c.c. of nitric acid (sp. gr. 1-2), and the 
copper determined electrolytically. fti the analysis of ordinary bronzes, 
the filtrate from the metastannic acid is electrolysed as described 
under copper and the lead obtained on the anode is weighed as 
PbOj {cf. p. 228). 

The solution from the deposition of the copper is treated with 
sulphuretted hydrogen, any copper sulphide filtered off through a 
small filter, washed with hot water and ignited in air; the small 
quantity of copper sulphide is converted into the oxide, which is 
weighed. CuO x 0-7989 = Cu. 

If the total amount of metals found as copper, tin, and lead amounts 
to approximately* 100 per cent, the filtrate from the copper sulphide 
miy be evaporated an^ used for the determination of any iron, 
nickel, manganese, and zinc. The sulphuric acid is evaporated off, 
without the solution being allowed to boil, and the residue ignited; 
should this consist merely of a reddish skin of ferric oxide, it is 
dissolved in hydrochloric acid and again evaporated with a drop 
of sulphuric* acid in a weighed capsule, ignited and weighed as 
ferric oxide. Zinc, nickel, and manganese may be present in 
addition* to iron ; for their determination the residue is dissolved 
in a few c.c. of hydrochlorie acid, evaporated with a few drops of« 
sulphuric acid, the residue taken up with water, and the zinc precipi- 
tated as sulphide by means of a current of sulphuretted hydrogen, 
which is passed for some time through the»tiilifted solution, after 
neutralising with sodium* carbcwiate ,^( using Congo red ‘paper as 
indicator), an(f then slightly acidifying with sulphuric acid {cf. Zinc). 
The filtrate is boiled, eiccess «f brbmine \^ater added, and th*e Iron 
and manganese present precipitated with ammoni^; the precipitate 
is fiRered, tvashed, and ignite ; the mixed oxide%i of iron and 
manganese are waghed, then ,difsolved Jn the smallest possible 
quantity of flydrochloVic acid, 20 *0.0 of concectrated ammonium 
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acetate solution added and sulphuretted hydrogen passed through 
the solution to precipitate the iron, which is filtered off, ignited and 
weighed as ferric oxide. This, deducted from the weight of the 
mixed oxides, gives the weight of Mn^O^. 

The filtrate from the precipitation of iron and manganese by 
bromine and ammonia is treated with dimethyl-gl^oxime solution 
and the nickel precipitate is weighed p. 66). ^ 

The following rapid method for the analysis of bronzes has been 
worked out by M. E. Walters and O. L. Affelder ^ : — 

One gram of material (or, if the lead content is over i S per cent, 
only 0*5 g.) is decomposed by warming with lo c.c. of nitric acid 
(sp. gr. 1*42), 40 c.c, of hot water added, and the whole boiled for 
five minutes. The precipitated oxide of tin is removed by filtration, 
washed with 2 per cent nitric acid, ignited, and weighed. To the 
filtrate 25 c.c. of strong ammorfia is added, the solution heated to 
boiling, then 5 g. of ammonium persulphate added, and the» boiling 
continued for five minutes; after acidifying with sulphuric acid, the 
precipitated lead peroxide is filtered off, washed with hot w^ater, the 
precipitate and filter transferred to a beaker, well agitated with 
600 to 700 c.c. of cold water, and then about 3 g. of potassium iodide, 
and starch added. After the potassium iodide has dissolved, 10 c.c. 
of hydrochloric acid (i to i) are added, the whole well stirred and ^ 
titrated with N/20 thiosulphate solution, until the colour changes 
from dark to very pale yellow; the number of cubic centimetres of 
thiosulphate solution used, multiplied by 0-5178, giv^es the percentage 
of lead. The lead may also be determined gjavimetrically. 

The filtrate from the lead peroxide is diluted to 500 c.c., heated to 
boiling, and treated with 50 c.c, of a 20 per cent, sodium thiosulphate 
solution, for precipitation of the copper ; the precipitate is washed with 
hot water, dissolved, and the copper determined volume^rically. In 4he 
filtrate from the cofjper precipitate, the iron and aluminifim are deter- 
mined as usual, and then*the manganese precipitated* by boiling the 
ammoniacal solution with ammonium persulphate. * 

, Excess of ammonium phosphate is added to the filtrate from the 
manganese precipitate, the liquid heated to boiling, hydrochloric acid 
added gradually until only a slight smell of ammonia can fee detected, 
the whole then boiledi for several minutes, filtered,* the precipitate 
washed with hot water, and tl;en dried af 100° to 105® and weighed 
as zinc ammonium phosphat^, ?S?:nNH4P04 or, it may be ignited 
and ^^eighed as zinc pyrophosphate, XngPgOj. 

• ^ Any nickel is^ precipitated as sulphide in the filtrate from the 
zinc precipitaj^e. Small quantitf^ of/manganese may bfe determined 

1 /. Am^r. Chem, Soc 9 ^ 1903 , ^ 32 -^ ^angegv. Chem,, 1903, i6, 1081. 

2 Z anal$ C^em,^ 1900, 39, §73. • 
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colorimetrically in a separate sample. Phosphorus is precipitated as 
ferric phosphate in a separate sample, dissolved in nitric acid, lead, tin, 
and copper being first precipitated by metallic zinc ; the phosphorus 
is then determined in the ferric phosphate by the molybdate 
metho^. 

Phosphor-Brpnze. — The method of analysis is the same as that for 
ordinafy bronze ; the phosphorus is determined in a separate portion 
of the sample as follows ; — One gram of fine drillings is treated in a 
beaker with lo c.c. of nitric acid (sp. gr. 1-4); after standing for five 
minutes, the beaker is placed on a hot plate, heated to boiling, at the 
end of ten minutes the cover-glass removed, and the free acid evaporated 
off. The residue is stirred with 10 c.c. of hydrochloric acid, again 
evaporated to dryness, the brown residue dissolved by warming with 
10 c.c. of dilute nitric acid, and 50 c.c. of molybdate solution and 
15 g. of solid ammonium nitrate acftled ; the whole is well stirred 
until the ammonium nitrate has dissolved. The yellow precipitate 
of ammonium phosphomolybdate is filtered off and treated as 
described under Phosphor-Copper, p. 214. 

T. E. Rooney^ describes a modification of this method in which 
titration is substituted for the weighing of the precipitate. 

Another method, depending on the separation of the phosphorus 
,with the insoluble metastannic acid is frequently used. Five grams 
of an alloy of low phosphorus content (o-oi per cent.) or i g. of a 
sample containing a higher phosphorus (0 3 to i-o per cent.) is 
decomposed with nitric acid, and the insoluble residue is collected, 
dried, and ignited in a porcelain crucible. This impure residue is 
fused with three times its weight of potassium cyanide and the melt, 
which consists of potassium phosphate, potassium cyanide and 
cyanate and metallic tin, is extracted with water, separated from 
metallic tin, acidified with hydrochloric acid, and boiled in a fume 
chamber until hydrogen cyanide is eliminaj;ed. A small quantity of 
ferric nitrate is added to the solution and then ammonia. The pre- 
cipitate of ferric phosphate aijd hydroxide is filtered, washed, and 
dissolved in nitric acid, and the phosphorus precipitated in the usual • 
way with ammonium molybdate solution. 

The above method is somewhat tedious, and the following method, 
although not so •accurate, gives good results. One half to *2 g. of the 
samplfi, according to the phosphbrus^^ntent, is dissolved •ift 20 c.c. 
hydrochloric acid with the aid of potassium chlorate. The solution is 
boiled to get rid of chlorijie, dilftted with an^f qual bull^ of water, and 
the copper ami t|n present serf precipitated by pur^ zinc. The pre- 
cipitated metals are^ filtered off^nd^^e phosphorus is wictermined in 
the filtrate by^means of arnnmnuim n»ol>^date. 

^ i9i8,*ao, 103. 



Silicon - Brooze. — This alloy contains very little silicon, and 
frequently small quantities of tin and zinc ; it is chiefly used in the 
manufacture of telegraph and telephone wires. 

As in the analysis of bronze, i g. is decomposed with lo c.c. of 
nitric acid (sp. gr. i-4), lOO c.c. of hot water added, the whole boiled for 
five minutes, and the siliceous stannic acid filtered off! The filter is 
incinerated first, then the stannic acid and ash ignited in a platinum 
crucible and weighed ; one drop of sulphuric acid and 2 c.c. of pure 
hydrofluoric acid are added, the liquid evaporated on the water bith, 
the sulphuric acid driven off, and the pure stannic oxide weighed after 
ignition ; the loss in weight gives the silica. 

For the determination of the dissolved silica, the filtrate from the 
stannic acid is evaporated to dryness with 3 c.c. of sulphuric acid, the 
residue heated to drive off this acid, water added, and the silica, which 
may contain a trace of lead sulphate, filtered off, washed with water 
treated with a hot dilute solution of ammonium acetate, arid a few 
drops of a solution of potassium chromate added to the filtrate so 
obtained ; any lead chromate precipitated is collected on a tared filter, 
and dried at 100°. The filter paper with the silica is washed, inciner- 
ated and weighed. SiOj X 0 4693 = Si. 

Copper is deposited electrolytically in the filtrate from the silica. 
The residual solution is then evaporated, sulphuric acid removed by 
heating, and the iron and zinc determined as described in the section 
on Analysis of Bronze, p. 217. 

If the silicon only is to be determined, the sample may be dissolyed 
in aqua regia, the solution evaporated to# dryness, and then again 
evaporated twice successively with 15 c.c. of hydrochloric acid; the 
residue is heated to 120°, allowed to cool, moistened with fuming 
hydrochloric acid, then treated with water and the silica filtered off 
and washed, etc. After being weighed, it is tested fdr impurities by 
evaporation with a little hydrofluoric acid and one djop of sulphuric 
acid, as above. 

(b) Brass and Siipilar Alloys. 

(Brass, yellow metal, tombac, red brass, manganese bronze, Muntz 
metal, Aich metal, sterro-metal, delta-metal, Dutch mptal, bronze 
powder, harcf solder, white brass, button metal, etc.) 

These alloys contaift copper and zinc a^ their principal constituents, 
and eittfel merely the impurith 5 % of the copper and zir^p, or ad(jed tin, 
iron, pianganese, lead^or aluminiqm. 

*In the analysis of always not containing |in, i g. is dissolved in a 
covered beaker is 10 to 15 c.c. of nitria'add (sp. gr« i-i)^ the sqlution 
evapo(ated tc^dryness with the ait^itioiR of 5 c.c. of Jo per cent, sulphuric 
acid, the residue taken up with 30 ac. *of* water, cooled, and the lead 
sulphate collected on a small tilter. The (jepper is deposited electro- 
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lytically and the solution from the copper determination is neutralised 
with ammonia in a large beaker; it is then slightly acidified with 
sulphuric acid, diluted to 400 c.c., sulphuretted hydrogen passed in 
for two or three hours, and the zinc sulphide filtered off after standing 
for twelve hours (c/. Zinc, p. 293). 

The filtrate fr§m the zinc sulphide is evaporated to about 100 c.c., 
and the iron oxidised with a few drops of bromine water, the excess 
of bromine boiled off, the cooled solution neutralised, and the iron 
an<i aluminium precipitated by ammonium acetate and boiling ; the 
manganese is precipitated in the filtrate in the usual way with 
bromine and ammonia. The iron and aluminium precipitate is 
dried, the filter paper burnt in a platinum crucible, the main bulk 
of the precipitate being added subsequently, and the whole strongly 
ignited and weighed. (The presence of an appreciable amount of 
alumina is indicated by a light refl colour of the oxides.) The 
oxides Sfte then fused with six times their weight of acid potassium 
sulphate, the cooled melt dissolved in dilute hydrochloric acid, and 
the iron and alumina separated by potassium hydroxide in the 
usual way (p. 6). A1.20.jXO-5303 = Al. 

It is much more convenient to determine the alumina in the 
mixture by difference, by dissolving the melt in the crucible in hot 
^dilute sulphuric acid, washing the solution into an Erlenmeyer flask, 
then reducing the iron by means of amalgamated zinc and titrating 
the ferrous sulphate with standard potassium permanganate. 

The bismuthate method for the determination of manganese in 
“ manganese bronze ” giv«s satisfactory results. One gram of alloy 
is treated with nitric acid and tin oxide removed as described on p. 216. 
Sufficient sodium bismuthate should then be added to the cold solution 
to oxidise the manganese to permanganic acid, the precipitate filtered 
off Through asbdstos and washed with cold 2 per cent, nitric acid until 
the washings arj free from the permanganate colour. The manganese 
in the solution is determined by titration with a standard solution of 
fe/rous ammonium sulphate. • 

The following method canine recommended as a satisfactory works’ 
process : — TJie solution of the alloy and the precipitation of the lead are 
effected as above ; the copper is deposited electrolytically^ and then an 
excess of ammonia added toj^the residual solutidn, whereby a yellowish 
coloration is produced if traces onlj^ of jr^n are present, or a precipitate 
of ferric hydroxide if there is an appreciable apiount, when the iron 
is subsequently determined volumetrically. •JThe precijwtation of Ihe 
copper may brf mqre rapidly effected (from, say, one-tbird of the filtrate 
from the lead sulphatp) by means%f sq^um thiosulphate, after acidifying 
with sulphuric agid (cf, p. yS^anfl thecopffcr sulphide converted into cupric 
oxide by roasting. The pqjcentage of zihc is ascertairfed by difference. 
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Alloys which contain tin (certain brands of cartridge brass, red 
brass, bronze powder, hard solder, etc.) are analysed in the same 
way as bronze. 

Even minute quantities of antimony contained in the copper' 
produce cold-shortness in brass, and the resulting alloy is consequently 
unsuitable for rolling; for this reason electrolyse copper, which 
frequently contains antimony, is seldom used by brass manufacturers. 
According to the investigations of E. S. Sperry,^ best brass for cold 
rolling should not contain over o oi per cent, of antimony. Bismuth is 
just as injurious ; arsenic is less so, in fact, thin sheets are frequently 
met with, containing as much as o*i per cent, of arsenic. 

(c) Alloys of Copper with Gold and Silver. 

For the determination of the^ioble metals, r/! Gold (pp. 139 
and Silver (pp. 115^/ 

I. Gold-Copper Alloys. The flattened alloy is dissolved in aqua 
regia, the solution evaporated, and the residue digested with water and 
a few drops of hydrochloric acid ; the resulting solution is diluted and, 
after standing for several hours, any silver chloride filtered off on a 
small filter. The gold is precipitated in the filtrate by adding an 
excess of pure oxalic acid to the hot dilute solution ; the carbon^ 
dioxide is driven off by boiling, the solution carefully neutralised 
with pure potassium hydroxide, and the deep blue solution of copper 
potassium oxalate filtered off ; the gold is thus obtained free from 
copper oxalate. The copper is precipitated by boiling the filtrate 
from the gold with potassium or sodium hydroxide ; the precipitate 
is filtered off, washed, dried, ignited, and weighed. 

If impurities contained in the alloy are to be determined, the gold 
is precipitated by passing sulphur dioxide into the heated diiute 
hydrochloric acid filtrate from the silver chloride, the* filtrate from 
the gold boiled to remove* sulphur dioxide, then oxidised with a little 
nitric acid and evaporated with sulphpric acid ; any lead sulphate is 
filtered off and the copper deposited electrolytically and tested for 
bismuth, which is determined, if present Analysis of Marketable 
Copper, pp. f94 ol seq.). The solution from the deposition of the 
copper is fevaporated* down, the sulphuric acid driv\2n off, and the 
iron, niokel, etc., which are pr^^^sent* usually in traces, determined in 
the residue {cf. Analysis of Bronze, p. 216). * 

•2. ^Silver-Copper Alloy^. (Coinage tilloys,tsilver-plate, silver solder, 
^nd bronze powder containing silver, coj^per, and zinc coins containing 
copper, silver,^inc, and nickel, etfc.^ 

^ Trans» Amer, hi^L Min. Eng.y FeJruaijy 1898; u. HUUen. 1898, 57, 117 ; 

Jm Sac. Chim. Ind.^ 1S98, 582. 
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The alloy is dissolved in nitric acid, the solution diluted largely, 
and the silver precipitated with hydrochloric acid; the filtrate is 
,, ^evaporated to dryness with sulphuric acid, the residue is taken up with 
water, lead sulphate filtered off, the copper deposited electrolytically 
and tested for bismuth, and in the residual solution zinc, nickel, and 

* iron determined liy the usual methods (c/. Analysis of Bronze, pp. 216 
et seq^\ 

8. COPPER LIQUORS 

• <^rom 10 to 50 c.c, of the liquor, according to the content of copper, 
is evaporated with an excess of sulphuric acid, any lead sulphate that 
has separated filtered off, and the copper precipitated in the filtrate by 
pure zinc. The iron is determined at once in the decanted solution by 
titration with potassium permanganate. 

* 

^ 9. COPPER-PLATING BATHS 

Fifty c.c. of the solution is evaporated with an excess of sulphuric 
acid in a fume chamber with an adequate draught to decompose the 
cyanogen compounds present, and heated until fumes of sulphuric acid 
are copiously evolved. The residue is allowed to cool, dissolved in 
water, and the copper determined electrolytically. Inmost cases it 
suffices first to decompose the cyanogen compounds, and then to titrate 
an ammoniacal solution with potassium cyanide ((/*. p. 181). 


LEAD 

jyntil recently, the metal content of ores and of products from 
lead-smelting ’works (except in the metal itself anfl in hard lead) was 
invariably determined in metallurgical worlds by quick, dry methods,^ 
although such assays gave results from 1*5 to 5 per cent, too low. 

On account of the considerable inaccuracy of dry assaying, rapid « 
volumetric methods have been introduced, and are now much used 
in the laboratories of smelting works and in commercial Isfboratories. 

Thf products to be examined include : Or6s, ^he products from 
smeltiitg works (lead matte, leaA spei^s, litharge, scum, dross, lead 
fume, slags, work lead, refined lead or Commercial lead, hard lead or 
antimonial lead), lead alloys, scr&p leSd, etc. 

The most important ores of Jead are : — ^ 

Galena^ PUS, containing 86-6 ceftt. of lead ; it invarjyably contains 

• n ^ ^ 

^ Details on Assaying” .!tre given by, C» |nd J. Beringer, Jext-lmk of Assayings 

iSth ed., 1921. • 
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silver as isomorphous AgjS, sometimes in quantities over i per cent., 
but most frequently the silver content is from o oi to o-l per cent, 
Certissite, PbCOg, containing 77-6 per cent, of lead. 

Anglesite, PbSO^, containing 68-3 per cent, of lead. 

Pyromorphite, or Green Lead Ore, 3Pb3P208 • PbClg, containing 
76-2 per cent, of lead. 

The following ores are more rare ; — 

Mimetite, 3Pb3As208 • PbClg. 

Crocoisite, PbCr04; Wulfcnite, PbMoO^. 

Vanadinite, 3Pb3V208- PbClj; Siohiic, PbWO^. 


I. — Dry Assay-s for Ores, etc. 

Dry assays consist in the separation of the metal by fusion with 
reducing and fluxing agents ; suiphide ores or metallurgical products, 
when fused in clay crucibles, are desulphurised by addition of metallic 
iron, or the fusion is carried out in an iron crucible. On account of 
the volatility of the metal at high temperatures (increased by the 
presence of arsenic, antimony, and zinc), and to a less extent through 
scorification, there is always a considerable loss of metal. The lead 
from impure ores containing antimony, arsenic, copper, zinc, bismuth, 
etc., is always more or less contaminated by these impurities. „ 

The noble metals are generally determined by special assays 
(cf. Silver, p. 115). They may, however, also be determined by a 
direct cupellation of the crude lead button, obtained by the “assay 
in an iron crucible” method {cf. Cupellation of Silver, pp. no et seq.). 

I. The Precipitation or Belgian Assay in an Iron Crucible. 

This, the best of all dry assays for lead, is specially suited for rich 
pure galenas. It permits of a larger weight of ore being wofited 
upon than the other assays, and is quick, thereby .preventing any 
great loss of lead. Under the most favourable condition's, a pure 
galena will yield 85'25 per cent, of lead instead of 86-6 per cent. ; the 
• average loss of lead by this assay may be taken at about 2 per cent. 

To carry out the determination, a stout iron crucible, about 12 cm. 
high and 8 cm. in diameter at the top, is heated to a red heat in a wind 
furnace, th*e ore and* fluxes introduced (jig., 30 g. ore, 30 g. sodium 
carbonafe* and 3 g. argol ; S io*g. of borax or sodium carbonate 
may ^e placed behinc^this mixturp on the metal scoop (Fig. 28, p. 107) 
and will form* a cover the rest of the c&rge in the crucible), the 
"crucible is covered and brought to a* bright red heaf^in aboyt ten 
minutes; within another ten mHiut^ the fluxes become placid and 
fluid. The crucible is then femoved 'from ^he furnace, allowed to 
cool for a few minutes, and the*thin fluid.contents run into a warm 
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mould (Fig. 32, p. 109) smeared with black lead. When cold, the slag 
and lead button are separated by a few blows of a hammer, the button 
cleaned by washing in hot water and brushing with a stiff brush, then 
dried and weighed. 

Imnjediately after pouring out the first assay, a further 20 g, of 
flux mixture is fosed in the crucible, and, after heating for about 
ten minutes, the contents are run into the mould, sometimes yielding 
another small button of lead ; a new assay may then be carried out. 

JThese assays are in use in many lead-smelting works ; they are 
specially adapted to the determination of the content of lead in lead 
drosses of very varying composition, of which large average samples 
(after sieving) must be taken. 

Any antimony contained in the ore is found nearly quantitatively in 
the lead button, and may be determined as described under “ Hard 
Lead,” p. 238. * 

2. Other Methods of Assay for Ores containing Sulphur. 

Instead of using iron crucibles as in the Belgian method, clay 
crucibles are frequently used, the iron necessary for the decomposition 
of the sulphide being provided in the form of an iron rod or as hoop 
iron. The charge consists of ore 25 g., sodium carbonate 25 g.,argol 2 g. ; 
this is placed in a suitable clay pot and covered with a sprinkling of 
borax. A piece of iron of such length that it allows the crucible to be 
covered is inserted ^nd the crucible is placed in a moderately hot coke 
fire,.just above a red heat. After the charge is fused and evolution of 
gas has ceased, the chargd is well stirred and the iron removed, pre- 
cautions being taken to wash off any lead adhering to the iron by 
means of the slag. The crucible is allowed to remain in the fire for 
a few minutes longer and then removed, gently tapped and the charge 
poured into ap iron mould. After it is cold, the »lag is removed by 
hammering, the -lead shaped into the form* of a cube, cleaned, and 
weighed. • 

3. Methods of Assay for Oxide Ores and Metallurgical 
• Products. ^ 

These substances (e.g,, cerussite and litharge^ ^re*fused with fluxes 
and reducing agents in clay pots ; i4;i presence of sulphur {eg, auglesite, 
scum, lead fume), the addition of iroiiTS necessary, and with a high 
content of ‘‘earths” {eg^ mark in •“ bottoms ”)? a liberal addition 
of borax. Fo{ pyromorjThite^ and mixtures^^containin^ phosphates, 
Bering^r^ reoomnfends the following* charge: — Ore* 20 g., sodium 
carbonate 25 g., argOl 7 g., flpprspai^ borax being* used 

as a cover. • * • ’ . , * 

1 Text-book o^ssaying, 15th ed., 1 92 1, p. 213.* 

XL • * * - 
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II. — Wet Assay for Ores, etc. 

A. GRAVIMETRIC METHODS 

I. Determination of the Lead as Sulphate. 

In the assay of ores free from antimony (galena<^^with zinc blende, ' 
pyrites, arsenical pyrites, copper pyrites, etc., and gangue) i g. of the 
very finely ground ore is treated in an Erlenmeyer flask with lo c.c. of 
nitric acid (sp. gr. 1-4), the contents of the flask shaken round and the 
latter placed in a slanting position on a hot sand-bath. When the 
oxidation is complete (after about half an hour), 10 c.c. of 50 per cent, 
sulphuric acid is added, the contents of the flask mixed and boiled on 
the sand-bath till sulphuric acid fumes arc evolved. To the cooled 
residue 30 c.c. of water is added, the contents of the flask warmed 
on a sand-bath for fifteen mihutes, cooled, the solution containing 
the iron, copper, zinc, etc., decanted through a filter paper, the impure 
lead sulphate washed once by decantation with water acidified with 
sulphuric acid (0-5 c.c. sulphuric acid in 100 c.c. water) and twice with 
pure water. Twenty c.c. of concentrated ammonium acetate solution 
(prepared by neutralising ordinary ammonium hydroxide with 50 per 
cent, acetic acid), a few drops of ammonia and 20 c.c. of water is 
next added, and the contents of the flask heated to boiling so as to 
dissolve the lead sulphate completely. The hot solution is then 
filtered into a beaker through the paper used fqr the first decanta- 
tion, the flask and filter paper washed three times with hot water to 
which some ammonium acetate has beea added, and the lead pre- 
cipitated again as sulphate in the cooled solution (about 200 c.c.) by 
the addition of about 10 c.c. of sulphuric acid. 

The heavy precipitate is filtered off after standing for one to two 
hours, washed three times with pure water (the slighfsolubility of lead 
sulphate in water may ^e neglected in this instaneg), and once with 
strong alcohol, the paper and precipitate dried in an air-bath, the 
sulphate removed as completely as possible on to glazed paper, the 
filter paper ignited at a low temperaturS in a weighed porcelain capsule, 
the bulk of die precipitate added, gradually heated to a .dull red heat, 
cooled and weighed. rbS04 x 0*6832 = Pb. 

If small globules of lead or lead sulphijde are form^ed on the ignition 
of the •filter paper, a few di^ps dt dilute nitric acic^ are added, the 
crucible warmed on^ the water bath to assist the reaction, a drop of 
sulphuric acid added, tii*e excess aci(? driv^ off, the bulk of dry lead 
sulphate added,t and the whole treats aps above. • • 

It is generally more conven^ent^to collect t^e Iead%ulphate on a 
previously prepared asbostos filter con 1 :aii^ed^in a Gqpch crucible, and 
to wash with dtlute sulphuric acid follow^ by alcohol. After dryingi 
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the crucible and contents are ignited to dull redness in the mouth of 
a muffle furnace or by placing the Gooch crucible within a larger 
porcelain crucible and heating the latter over a large Bunsen burner. 
In some laboratories the Gooch crucibles are not emptied after each 
determination and successive precipitates are filtered on to the 
' preceding ones. J'or the assay of ores poor in lead, lead mattes, etc., 
5 g. may be taken. 

If the ore contains much chalky gangue, a light precipitate of very 
^fine^matted needles of calcium sulphate may form over the heavy lead 
sulphate on cooling the acetate solution to which sulphuric acid has 
been added. When this occurs the clear solution is decanted as com- 
pletely as possible from the precipitate, 200 c.c. of water and a few 
drops of sulphuric acid added, the whole heated for an hour on a hot 
plate, stirred round frequently, completely cooled, the pure lead sulphate 
collected on a filter paper and treated above. 

Calcafeous ores containing a very small amount of lead are best 
dissolved in hydrochloric acid, the solution diluted with boiling water 
(on account of the difficultly soluble lead chloride), filtered into a beaker, 
the lead, dissolved copper, etc., precipitated by sulphuretted hydrogen, 
the impure lead sulphide washed off the filter paper, and treated with 
nitric acid and sulphuric acid as above. 

• Galena containing antimony is decomposed with strong nitric acid 
(10 c.c. of sp. gr, 1-4) and 2 g, of tartaric acid in a flask, 50 c.c. of water 
added, warmed for .ten minutes, cooled, and the lead precipitated by 
the addition of 10 c.c. of sulphuric acid, whereby a small quantity, about 
2 mg., remains in solution. • After standing for an hour the solution is 
decanted off, the sulphate washed, dissolved in ammonium acetate 
and further treated as above. A. H. Low treats galena containing 
antimony and bismuth with strong nitric acid, boils with sulphuric acid, 
take^ up with w&ter, decants off the sulphuric acid solution, and dis- 
solves the antimo/iy out of the impure lead sulphate by boiling it with 
a solutlo'^ of 2 g. of Rochelle salt (potassium sodium tartrate) in 50 c.c. 
of water to which i c.c. of sulphuric acid is added. 

Ores rich in antimony (^.^, bournonite, CuPbSbS3) and products 
from smelting works (lead speisses) are best fused with sodium 
carbonate and sulphur (or dehydrated sodium thiosulphafe), lixiviated 
with hot water, T:he insoluble sulphides of leief, c&pper, Iron, etc., 
collected on a ^Iter paper, washed, tr^^ferred from the filt^ to a 
Jish, treated with nitric acid, and then further with sulphuric acid as 
gibove. Antimony and ar^nic n?ay be determined in tl^^ solution Df 
ihe sulpho-salt/ (pH 288). The^washed lead sulphate jmay be quickly 
ind completefy converted into \:arljpnate by boiling j^ith sodium 
:arbonate or by digesting^with a^cold, saturated solution of ammonium 
:arbonate. If the lead car^ipnate is waslled with hat iX^ater, dissolved 
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in dilute nitric acid, the gangue filtered off, and sufficient nitric acid 
added so that the solution contains fifteen to twenty volumes per cent, 
of nitric acid of sp. gr. 1-38, a solution is obtained suited to the 
electrolytic separation of the lead as peroxide (see below). In the 
filtrate from the lead sulphate (see above) the copper, zinc, icon, etc., 
may be determined by first precipitating the copper, together with ' 
bismuth, arsenic, antimony, etc., by sulphuretted hydrogen. 

2. The Determination of the Lead as Metal. ,, 

V. Schulz and Low's Method} The lead sulphate from i g. of ore 
(see above), purified by boiling with Rochelle salt solution acidified 
with dilute sulphuric, acid, is dissolved off the filter by a boiling 
saturated solution of ammonium chloride, after being previously washed 
with dilute sulphuric acid. Tlje filtrate, after the addition of three 
small pieces of aluminium foil (1*5 mm. thick, 35 mm. long, and 15 mm. 
wide), is boiled for five minutes so as to separate the lead as metal. 
The flask is then filled with cold water, its contents emptied into a 
large porcelain basin, the lead adhering to the aluminium scraped off 
under water, the liquid decanted off, and the lead washed into a small 
porcelain dish. After pouring off the water, the lead is pressed together 
by means of a small agate pestle, washed several times with distilled 
water, once with absolute alcohol, then dried quickly in an air-bath 
and weighed. The total duration of the assay from the decomposition 
of the ore is forty minutes. • 

3. Electrolytic Separation of Ldad as Peroxide. ^ 

On the introduction of electrolytic methods of analysis, C. Luckow 
found as early as 1865 that lead is separated quantitatively as hydrated 
peroxide from solutions containing much free nitric acid. This m^e^thod 
permits of a separation of lead from copper, gold, mercury, antimony, 
zinc, cadmium, iron, nicl^el, cobalt, manganese, and aluminium; silver 
and bismuth are partially separated ^as peroxides with the 'lead. The 
method is frequently used in conjunction with the electrolytic deter- 
mination of copper in alloys, the small quantities of lead present 
being deterfnined on the anodes {cf. p. 176). 

Details of the apparatus employed in electrolytic* analysis are given 
in Vob 1. (p. 93), and under “ Copper,’’ pp.‘ 170 et seq. 

The solution employed Tor the electrolysis must be free from 
chlorine confounds ; sujphuric Snd cfiromiciacids ^ must also be absent 

^ NewSy 18^3,67, 178. 

® Cf, Literai<iire on Electrolytic Analy^^s, V^. I., p. I15 ; also, II. Nissenson and C. Rust, 
anal Chem.y 1893, 32, 431 ; l^etHcu^ 1892,125,^2490; /. Soc. them. Ind.y 1893, X2, l8a ; 
Chem. ZeiUy 1895, 19, 1143 ; /. Soc, Ciem, ind,y 1895, lif, 1063 •' 

^ G. Vortmann, Atf^ialeny 1907, 351, 283. 
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as these lead to high results, while the presence of arsenic, tellurium,^ 
or phosphoric leads to low results. By the use of platinum basins 
sand-blasted or matted ” on the inside, up to 4 g. of peroxide may be 
firmly deposited ; with smooth dishes the deposit easily scales off. 

For^slow deposition at ordinary temperatures, using a low current 
density (0 05 an^eres per 100 sq. cm.), the solution should contain 
about \o per cent, by volume of nitric acid (sp. gr. 1-38), otherwise a 
separation of metallic lead takes place on the cathode ; using a current 
of = ampere, the content of nitric acid should be raised to 

20 per cent, by volume. 

For Tiiore rapid deposition, the method commonly adopted in 
practical work, a current of i to 2 amperes at 2*3 to 2*7 volts is 
used at ordinary temperatures in a solution containing 20 per cent, 
by volume of nitric acid (sp. gr. 1*38); at higher temperatures, not 
above 60° to 70*", 10 per cent, by vdlume of nitric acid is sufficient. 
When, cfn addition of 20 c.c. of water, the freshly wetted surface of 
the matted dish does not become darkened by further separation of 
lead peroxide in a quarter or half an hour, the deposition is completed. 
The current is then switched off, the contents of the dish emptied out, 
the deposit washed three times with boiling water and once with 
absolute alcohol, dried in an air bath at 200'" for half an hour, and 
•weighed, after allowing to cool for half an hour. The lead per- 
oxide is quickly dissolved off the platinum dish by means of 
hot, very dilute pitric acid, with addition of small quantities of 
oxalic acid. 

A micro-burner may he advantageously used for warming the dish 
(to 50° to 60'^), a piece of asbestos paper being placed under the dish 
so as to distribute the heat evenly. The washings must be carefully 
decanted in case any lead peroxide becomes detached on washing the 
dislr The dryitig must be done at 200"", otherwise a small amount of 
water is retamqd by the deposit. When properly carried out, the 
method ^ives very accurate results. 

Rotating electrodes (cf, Vol.J., p. 102) may be used to hasten the 
precipitation of the lead perdxide. F. Exner^ adds 20 c.c. of con- • 
centrated nitric acid to the lead nitrate solution, giving a total volume 
of 125 C.C., and uses a current of 10 amperes at 4 5 volts, with a cathode 
rotating at 600 revolutions ^per minute. The aepdsit has* a uniform 
velvety black ^olour ; the time fequy^d for the deposition •is from 
ten to fifteen minutes. R. O, Smjth® effects ^the deposition ^ on a 
rotating spiral which m^es 800 revolution®^ per minitfe. A *nifric 
acid solution fs i^sed, contaiirkig 25 c.c. of nitric acid of sp. gr. 1-4’* 

* % 

^ fi. List, Chem,^nd Mef, »9I2, 10, 135. 

® y. Afmr» Soc*f 1953, 904! 

® y Amef'* di/iem, Soc.^ 1905, 27, 1287. 
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in 12 $ C.C. of solution, which is electrolysed at 95®, with a current of 
10 to II amperes per 100 sq. cm. at 3-6 to 3-8 volts; up to 0*58 g* 
of lead can be precipitated in fifteen minutes. 

H. J. S. Sand ^ has studied the behaviour of lead peroxide deposits 
on drying and the effect of varying conditions. His results shpw that 
too much nitric acid should be avoided, that it is specially important 
to remove any oxides of nitrogen that may be present by evaporating 
the solution to be electrolysed to dryness before a determination, and 
that the temperature should be kept below 97°. The deposited peroxide , 
should be dried in an atmosphere free from moisture, preferably by 
washing with alcohol and ether in the usual way, and drying over a 
Bunsen burner, as it is capable of absorbing moisture at about 200®, 

As the deposit is usually impure, Hollard and others recommend the 
factor 0*853 instead of the theoretical 0-866 for calculating the result. 
R. C. Benner 2 prefers to ignite* the peroxide when it is deposited on 
the inside of a platinum dish, thus converting it into lifiiarge, in 
which form it may be weighed without error. When the deposition 
is made on a gauze electrode, however, it is impossible to ignite over 
a Bunsen burner, as some of the litharge produced is subsequently 
volatilised or some of the peroxide remains undecomposed giving low 
or high results respectively. This may be obviated by igniting the 
gauze electrode in a muffle at a temperature below 500''. . 

D. A. Macinnes and E. B. Townsend^ determine the lead by 
solution of the deposited peroxide in oxalic acid snd titration of the 
excess acid with potassium permanganate. 

B. VOLUMETRIC METHODS 

I. Alexander’s Molybdate Method.^ 

• jnt 

This method i? based on the precipitation of lead in hot acetate 
solution by means of ammonium molybdate, forming lead molybdate, 
which is insoluble in acetic acid. Excess of ammonium molybdate is 
recognised by the yellow coloration gfvQn to a freshly prepared tannin 
solution, a drop of the titrated solution being added to a drop of the 
tannin solutien on a pitted porcelain plate. The ammoniuVn molybdate 
solution is prepared by dissolving 9 g. of the commeipial salt in water, 
adding.a, few drops of ammonium hydroxide, and diluting to, i litre. 
For its standardisation, 3odl* tag. of lead sulphate «s dissolved by 
warming with a safHcient quantity of ^ilute ammonium acetate 
• solution, the^solution acidified with acetic* acid, diluted to 250 c.c., 

» Trans. Ftfaday Soc., 1910, p. 207 ■’/. Soc^Chem. Ind., 1910, 29, 47. * * 

CUm. and Met. Eng., 1911, 97 141 ; gie also («. P. Karr, i^tal Industry, 1911, 3, {6, 

• Ind. Eng. Chept,, 192a, 14, 420., , * ' • . • 

* Eng. and Min.JI, 1893, 55, 298 ; /. Chtm. Soc. Ai*fr., 1893, 64, 599. 

* a 
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heated to boiling, and titrated with the ammonium molybdate solu- 
tion till all the lead is precipitated as the heavy white molybdate. 
Drops of the tannin solution (0-3 per cent.) are placed on the pitted 
porcelain plate, and a drop of the solution which is being titrated 
is add^ from time to time until a yellow-brown coloration is produced 
(300 mg. of PbSQ4 contain 204*97 ^ig. of Pb). 

The method is carried out at Broken Hill as follows: — One gram of 
ore is treated in an Erlenmeyer flask with 15 c.c. of strong nitric acid, 
10 f.c. of sulphuric acid is added, and the solution boiled till sulphuric 
fumes are copiously evolved. On cooling, the sulphate is warmed with 
water, cooled, washed by decantation, first with water acidulated with 
sulphuric acid, finally with pure water, the decantation washings filtered, 
the filter paper brought into the flask, 25 c.c. of concentrated ammonium 
acetate solution added, the solution heated, diluted with 100 c.c. of hot 
water, and boiled till the lead sulphatfe has completely dissolved. The 
solution *18 then diluted to 250 c.c. with boiling water, and titrated as 
above. With ores containing over 30 per cent, of lead, 0-5 g. is taken 
for the determination. The time required is one hour. 

The same quantity of ammonium acetate of good quality or made by 
the neutralisation of ammonium hydroxide (o-88o) by addition of acetic 
acid should be used in each assay, and calcium ^ should be absent, 

» 

2. Beebe’s Potassium Ferrocyanide Method/^ 

A lead acetate*solution, acidified with acetic acid, free from alkali 
salfs, is titrated at the ordinary temperature with a i per cent, potassium 
ferrocyanide solution till a drop gives a brown coloration on a porcelain 
plate with concentrated uranium acetate solution slightly acidified with 
acetic acid. The ferrocyanide solution is standardised against a lead 
acetate solution*of known strength. 

The impure lead sulphate first obtained from fhe ore, as described 
above (pp. 226 et is boiled with Rochelle salt solution, acidified 
with sulp^iuric acid, as recommended by A. H. Low (p. 227), for the 
removal of bismuth and antimony. By digesting the washed sulphate , 
with ammonium carbonate, it is converted into lead carbonate, -which 
is well washed with hot water, dissolved in a beaker in h(Jt dilute acetic 
acid, and the cocfled solution titrated with potas«i\im«ferroc>^nide. 

According to Low, a high content oj^ calcium compounds ^wp to 30 
per cent, of calcium oxide) does not seriously affect the accuracy of the 
determination, provided 4 ihe cafciunf sulphate is* completely concerted 
into the carbonate; other^wisj, lead is precipitated as sulphate orr 
dissolving thC carbonate in acetic acid.* 

^C/. Bannister a^hef M‘Nal 5 iars^ 37 » 242^ 

Chew* News^ 1896, 73, 18 ; Z, anal. Chem.^ 1897,^, 58. 
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3. The Bichromate Method. 

The bichromate method is usually carried out as a direct process, 
but it may also be used indirectly. In both modifications success 
depends on the quantitative precipitation of lead chromate during 
titration of a solution of lead acetate with a standard solution of 
potassium bichromate. The lead solution is prepared s»s described under 
(i) p. 230, and is titrated at a temperature near the boiling point 

In the direct method, the precipitate formed during the titration is 
allowed to settle from time to time, a drop of the clear supernatj^nt 
liquid is withdrawn and tested on a spot plate with silver nitrate solution 
until a purple coloration is observed. 

In the indirect method, a known excess of potassium bichromate is 
added to the almost boiling lead acetate solution, the precipitate is 
allowed to settle after which it is filtered off and washed, and the 
excess of bichromate titrated Vith a standard solution of ferrous 
sulphate, 

1 1 L— Analysis of Commercial Lead (Soft Lead, 
Refined Lead)^ 

Refined lead contains 99 96 to 99*99 per cent, of lead and minute 
quantities of silver, copper, bismuth, cadmium, arsenic, antimony, iron, 
nickel, cobalt, zinc, and manganese. 

There are several methods used for determining the quality of 
lead to be used in chemical plant,- the most important of which is 
that employed for the determination of the temperature at which 
gas is first evolved and at which disintegration takes place on 
heating lead in concentrated sulphuric acid.^ Using pure sulphuric 
acid (96 per cent), a good chemical lead evolves gas at 190'' to 200° 
and disintegrates at 300*" to 312°. 

For analysis, bright turnings (a few from as many ingots as possible) 
or bright scrapings are warmed for a short time with dilute hydro- 
chloric acid, washed with water, and dried quickly. Twcn^ hundred 
grams is weighed out and dissolved m^a covered 1500 cc. beaker by 
* gently warming with 500 cx. of nitric acid of sp. gr. 1-2 and 500 cx. of 
water. The ^solution is left to stand for twelve hours. 

The pujer varieties of soft lead give a perfectly cle%r solution. Any 
precipitate of lead antimoniate, etc., formed on solution or on sending 
is filtered off ; its further treatl^cnt is described below. < 

^Tbe clear or filtered solution aivJ washings is treated in a beaker with 
^2 to 63 cx. o^pure sulphuric acid, and well surred during the mixing of 

^ Fresenius’ MethoS nnodified by Fermndez-F.rug and Hampe. ^ QC A. J. Hemingway, 
InsL^Min. and 1922^ 47, 24^ » 

* For details see Raw Materials for the Manu/acittre o/Snlj^uric Acid, Wyld, pp. 224-239. 

® D. W. Jones,/ Soc.J^hem, Ind,, iqIo, 3^, 221 T. 
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the two solutions. When cold, the clear supernatant liquid is syphoned 
off into a large beaker, 200 c.c. of water, acidified with nitric acid, poured 
on to the lead sulphate, the mixture well stirred with a thick glass rod, 
allowed to settle, decanted, and this repeated two to three times with 
200 c.c. of acidified water, so as to extract the last trace of dissolved 
foreign* metals out of the precipitate. 

The combined washings, together with the syphoned solution, are 
saturated with ammonia in a beaker, 25 to 50 c.c. of ammonium 
sulphide added, and the whole warmed on a water bath for two to 
thfte hours. The precipitate, which contains considerable quantities 
of lead sulphide, as well as the sulphides of the foreign metals, is filtered 
off, washed 'into a large porcelain crucible, and dried. Meanwhile, the 
residue from the solution of the 200 g. of lead (see above) is dissolved 
off the filter paper in hydrochloric acid, some tartaric acid and water 
added, sulphuretted hydrogen passed through, the precipitate containing 
lead and antimony filtered off, washed into the porcelain crucible, con- 
taining the first sulphide precipitate, again dried, and the contents 
fused with six times its weight of the usual mixture of equal parts 
of sodium carbonate and sulphur. 

The solution obtained on lixiviating the fused mass with hot water 
is added to the filtrate from the precipitation with ammonium sulphide, 
acetic acid added till acid, which precipitates the sulphides of arsenic 
and antimony, together with much sulphur, and then heated for three 
to four hours on a steam-bath. The precipitate is filtered off, washed 
with dilute sulphuretted hydrogen water, acidified with a little acetic 
aefd, dried, the free sulphur extracted with carbon bisulphide, the 
sulphides dissolved in hydrochloric acid and potassium chlorate, and 
the undissolved sulphur filtered off; a very small filter paper is used 
for the filtration, and the washing is done with a pipette. The filtrate, 
aftar the addition of 0 5 g. of tartaric acid, is neutralised with ammonia, 
and finally treated with 10 c.c. of strong ammoifia (sp. gr. 0-91) and 
I to 2 c.c. of magnesia mixture. After twenty-four hours the magnesium 
ammonifim arsenate is filtered off on to a small paper and washed with 
dilute ammonia (one volume sp. gr. 0-91 to two volumes of water).,. 
Ammonium sulphide is added to the filtrate and washings, the solution 
warmed, tlie antimony precipitated as sulphide by adding excess of 
dilute sulphuriff acid, the precipitate filtered »ff on to a Small paper, 
dissolved in warm ammonium s»lphi4e, the solution evaporated in a 
weighed porcelain crucible, the resiSJe oxidised with strong- nitric 
acid, evaporated, the sujphurift acM driven off, the residue strongly 
ignited, and avei|;hed as* ^ntjmony tetroxideT Sb204>?o-7920=Sb. • 

"rtie previously obtained precipitate of magnesium ammonium 
arsenate is converted into ^pyroarsSn^te ^cjT. Arsenic iTetermirtation in 
Commercial CTopper, p .*2055 and weighod. Mg^As^O^x 0-4827 = As. 
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The residue from the lixiviation of the melt of the ammonium 
sulphide precipitate with sodium carbonate and sulphur contains 
lead, copper, silver, bismuth, cadmium, zinc, iron, nickel, cobalt, and 
manganese, as sulphides. For their oxidation by heating with dilute 
nitric acid (one volume acid of sp.gr. i-2 to two volumes water), the 
small filter paper is spread out in a porcelain dish, the acid poured on, 
and then covered with a clock-glass. After filtration and washfng, the 
lead is separated by evaporation with sulphuric acid, and the residue 
of lead sulphate taken up with a little water and filtered off. 
considerable excess of sulphuric acid must be used, otherwise some 
bismuth may be retained by the lead sulphate ; recent analyses show 
that soft leads containing considerable amounts of bismuth occur in 
commerce. 

The filtrate from the lead sulphate is treated with saturated 
sulphuretted hydrogen water, siflphuretted hydrogen passed in, and 
the solution gently warmed for some time ; copper, bismuth, silver, 
and cadmium are precipitated and collected on a small filter paper, the 
filtrate containing iron, zinc, nickel, etc., being set on one side for the 
time being. 

The precipitate is oxidised as before with dilute nitric acid, the 
nitric acid driven off by evaporating with a few drops of sulphuric acid, 
the residue taken up with a little water, nearly neutralised with pure * 
sodium hydroxide (from metal), then sodium carbonate and some pure 
potassium cyanide added, and the solution gently, unarmed. A pre- 
cipitate of bismuth is thus obtained which is filtered off, washed, 
dissolved in a small quantity of nitric acid, rpprecipitated with a slight 
excess of ammonia, filtered off, dissolved in nitric acid, the solution 
(now free from sulphuric acid) evaporated in a weighed porcelain 
crucible, the residue heated to a dull red heat, and weighed as bismuth 
oxide {cf. Bismuth Determination in Commercial Cbpper, p. 260), 
BiAx 08969 = 31 • ^ 

The filtrate containing potassium cyanide from the bisniuth pre- 
cipitate is treated with a further quantity of cyanide and then a few 
•drops of potassium sulphide solution. A^ precipitate of silver sulphide 
and cadmium sulphide may be formed, which is filtered gff and dis- 
solved in hot^'dilute nitric acid. The silver is precipitated by the 
addition of a few UropS of hydrochloric acid and the silver chloride 
filtered efff? The filtrate is ev^p^ratfcd to dryness, any^cadmiurn pre- 
cipitated by boiling wUh sodium carbonate, the precipitate collected 
on a small filte^ paper, washed witfi hot watei^ dissolved in a few drops 
d 5 r nitric acid, the *solution evaporated ia»a weighed gorcifelain crucible, 
and the resid^ip converted into *c|idmlum oxide ty carefully heating 
to a red heat. Cadmium k 6ut*seldosn ibun^l in commercial lead, and 
then only in traced. • CdO x 0*8^54 =Cd. 
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The filtrate from the silver and cadmium sulphides is evaporated to 
dryness after the addition of some sulphuric, nitric, and a few drops of 
hydrochloric acid. The residue is taken up with water, the solution 
filtered if necessary, the copper precipitated by passing sulphur- 
etted liydrogen, and determined colorimetrically. 

The solution^ containing the zinc, iron, nickel, etc. (see above), is 
made ^slightly alkaline in a flat-bottomed flask, ammonium sulphide 
added, and the contents diluted so as to fill the flask up to the neck, 
thg flask corked and allowed to stand for twenty-four hours or longer. 
The precipitate is not filtered off until it has completely settled. The 
filtrate, which may contain some nickel in solution, is acidified with 
acetic acid, ammonium acetate added, warmed for a few hours, and the 
sulphur and nickel sulphide filtered off. 

The precipitate from the ammonium sulphide is treated on the filter 
paper immediately after filtration with a solution of six parts of 
saturatefd sulphuretted hydrogen water and one part of hydrochloric 
acid of sp. gr. i-i2, the liquid that runs through being again brought 
on to the filter paper by means of a pipette. Zinc sulphide and iron 
sulphide are dissolved, while nickel and cobalt sulphides remain on the 
paper. After drying this small filter, it is ignited, together with that 
on which the nickel sulphide containing sulphur was collected, in a 
► porcelain crucible, the residue warmed with a few drops of aqua regia, 
the solution evaporated completely to dryness, a little ammonia and 
ammonium carbojiate solution added, filtered, boiled in a platinum 
dish with potassium hydroxide till all the ammonia is driven off, 
the small amount of precipitate collected on a small filter paper, 
washed, dried, ignited, and weighed as nickel oxide. NiO x 07858 = Ni. 
If desired the nickel may be determined by dimethylglyoxime 
(factor 0-2031). 

^fter weighing, the oxide is tested qualitatively for cobalt by the 
borax bead. * * 

The solution containing zinc, iron, and manganese obtained on 
treating the ammonium sulphid^e precipitate with sulphuretted hydrogen 
water and dilute hydrochloric acid is evaporated, oxidised with a drop of 
nitric acid,j)recipitated with ammonia, the precipitate filtered off, redis- 
solved in hydrochloric acid, precipitated again with art/monia, washed, 
dried, ignited, afid the iron oxide obtained weighed.^ ¥ CgOj, ^ 0*6994 == 

A% a check it can be dissolved by warming with a little hydrochloric 
acid, the diluted solution warmed to *70'' with potassium iodide, cooled, 
and the free iodine titrated ^l^ith sodium thiosulphate in presfenee of 
starch soluti<^n. ^ 

fhe amYnoniacal filtrate fr<|m thfe ferric hydroxide js treated with 

^ For tho determination 0/ small quantities of^coppef and iron in lead, C. R. Hardy, 
News ^ 1920, 120, 256. 
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ammonium sulphide and gently warmed for at least twenty-four hours. 
Any precipitate that separates is filtered off, washed, and immediately 
treated on the filter paper with dilute acetic acid so as to dissolve any 
manganese sulphide mixed with the zinc sulphide. The trace of zinc 
sulphide is dissolved off the paper in a little hydrochloric acid, the 
solution evaporated to dryness in a small weighed platinum dish, some ' 
moist precipitated mercuric oxide (which must volatilise without leaving 
any weighable residue) added, the whole evaporated to dryness, 
gradually heated to a bright red heat, and the residue of zinc oxide 
weighed (Volhard’s method). ZnO x 0 8034 = Zn. 

The acetic acid solution is evaporated, any manganese precipitated 
with potassium hydroxide, the precipitate filtered off, the filter paper 
washed, dried, ignited, the residue ignited with good access of air and 
weighed. Mn304 x 07203 = Mn. 

Sulphur in refined lead is determined on a separate portion of the 
sample,^ 500 g. of the metal being added slowly to 40 g. of sodium 
hydroxide fused in a capacious iron crucible ; the mixture is heated for 
fifteen minutes and stirred vigorously with an iron rod. 

After cooling the mass is leached with hot water and the filtered 
solution treated with 20 c.c. bromine water, acidified with hydrochloric 
acid, and barium chloride solution added, after which the precipitated 
barium sulphate is treated in the usual way. 

Where great accuracy is required a ‘‘ blank ” determination must be 
carried out and the weight of barium sulphate obtained therefrom 
deducted from the amount above. 

The silver in refined lead is nearly always determined by cupella- 
tion {cf, “Silver,” p. no), specially large cupels being used each capable 
of taking a charge of 100 g. 

Remarks . — On account of the impurities in soft lead being present 
in extremely minute quantities, its analysis is most difficult -^and 
demands much praitical experience. The acids and other reagents 
used must be carefully tesfed for impurities, and the filter papers must 
be free from iron. 


IV.— A1>jalysis of Hard Lead (Antimonial Lead) 

r e • t 

Hard lead is manufactured in metallurgical works with a high 
content of antimony (up to 2^*per cent.); a sample of i to 2*5 g. is 
sufficient for the determination of the aigtimony and impurities (copper, 
Vsenic, and fre^iuently tin). 

Nissenson and* Neumann ^ di^olve 2-5 g.* of metaHn a 250 c.c; flask 

^ a. J. Hemingway, Byoc. Amir. InsL min. 9 nd Met,^ 19*3, 47- 245. 

2 Chem. 19, 1142!^ Soc. Chem. /W., 1895, 14, 1063. 
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by warming with a mixture of 4 ac. of nitric acid (sp. gr. 1*4), 15 c.c. of 
water and 10 g. of tartaric acid; after cooling, 4 cx. of concentrated 
sulphuric acid is added, the solution diluted, cooled, and made up to 
the mark ; the lead is thus completely precipitated as sulphate. The 
solution is filtered through a dry paper, 50 cx. of the filtrate (corre- 
sponding to 0‘5tg. of metal) made strongly alkaline with sodium 
hydroxide, 50 c.c. of a cold saturated solution of pure sodium sulphide 
added, the solution boiled, filtered, the residue washed, and the solution 
heated to about 80° and electrolysed in a matted dish for the 
determination of antimony (p. 284). 

For the determination of the copper, the precipitate (copper sulphide) 
formed on warming with sodium sulphide is dissolved in nitric acid, 
the solution filtered, and the copper determined electrolytically ; or if 
only a small amount is present, it may be determined colorimetrically 
(p. 187). 

If th*e hard lead contains tin, the solution from which the antimony 
has been deposited, together wdth the washings, is evaporated to 
150 C.C., and the tin is precipitated as sulphide by acidifying with dilute 
sulphuric acid. The precipitate is filtered off, dried, and, by very 
careful heating and final strong ignition with addition of ammonium 
carbonate in a porcelain crucible, converted into stannic oxide, which is 
• weighed. 

If the hard lead contains tin and arsenic, these are best separated 
by F. W. Clarke's i method. 

^ W. Witter effects the separation as follows : — Fifty c.c. of the filtrate 
from the lead sulphate (see above), corresponding to 0*5 g, of metal, is 
made alkaline with ammonia, just acidified with hydrochloric acid, 30 g, 
of oxalic acid added, and sulphuretted hydrogen passed through the 
boiling solution for twenty minutes. Antimony, arsenic, and copper 
aref^irecipitatefl, the small amount of tin remaining in solution. The 
solution is filte?;ed hot, made slightly ammopiacal, sufficient ammonium 
sulphide^is added to redissolve the precipitate at first formed, then the 
liquid is acidified with acetic acid ; the precipitate (tin sulphide and 
sulphur) is allowed to settle, filtered off, and converted into oxide as above * 

The arsenic is extracted from the antimony-arsenic precipitate with 
ammonium carbonate solution, reprecipitated by^acidifyTng^with hydro- 
chloric acid, ancf finally weighed as magnesium pyroarsenate {cf. Arsenic, 
p. 2743. The Reparation of arseniS an^^ntimony by precipitation of the 
former with sulphuretted hydrtjgen in strong hydrochloric acid (2 acid 
to I water) is to be recoifimended. * 

^ Cfi Fresenius, Quaniitative Analysi^ 7lh,ed., vol. i., p. 490. On^^e precipitation of 
antimony by sulphjjretted hydrogen i^n Ae gresenc^of I)x%lic acid, see ; — F. W. Clarke, Chem^ 
NetifS^ 1870, 21, 124 ; Lesser, attain Chem*^ &B88,»27y 218 ; Warreiij Cketfu AVwf, 1890, ($2| 
2l6 ; J. Clark, y, Chem» 1892, *ix, 424 ; Henz, Z, anorg, 37, i. 

. • \ • - 
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The small amount of copper sulphide remaining on the filter paper 
is dissolved in nitric acid, excess of ammonia added, and the copper 
determined by titration with potassium cyanide (</. p. i8i). 

For the volumetric determination of the antimony in hard lead, the 
potassium bromate method (cf. Antimony, p. 286) is recommended and is 
carried out as follows : — About i g. of the metal, as ^nely subdrvided 
as possible, is gently warmed in a flask with 20 c.c. of brom-hydrdchloric 
acid (saturated solution of bromine in fuming hydrochloric acid), the 
contents being frequently shaken and warmed till completely decom- 
posed or dissolved. When solution is completed, it is boiled until the 
vapours appear but slightly yellow in colour. After cooling somewhat, 
small pieces of sodium sulphite, about 3 or 4 g., are added in two to three 
portions with shaking, the solution boiled for about five minutes to 
drive off the sulphur dioxide, again boiled after the addition of 20 c.c. 
of strong hydrochloric acid and 46 c.c. of hot water, and the hot solution 
titrated with the potassium bromate solution. If much arsenic (4 to 5 
per cent.) is present, it is necessary to boil down after the addition of 
the sulphite, take up with 20 c.c. of hydrochloric acid and a crystal of 
sodium sulphite, and then continue as above. A few drops of methyl 
orange are added as indicator, and when the red colour disappears, the 
titration is finished. 

The results are very good and not influenced by the copper (0*5 per . 
cent, at most) and small quantity of iron which are present in hard lead. 

For the analysis of antimonial lead, sulphuric acid is frequently used 
as the solvent, and C. R. M‘Cabe^ considers the chief difficulty in this 
method is the absorption of antimonious sulphate by the precipitated 
lead sulphate. A suitable quantity of the sample (0-3 g. if the antimony 
content is over 12 per cent.) is dissolved in 10 c.c. concentrated sulphuric 
acid by heating carefully to boiling-point and, after cooling, the solution 
is diluted with about 50 c.c. water and boiled. The lead Sulphate settles 
out, and the tin goes wholly into solution together with’ the greater 
part of the antimony. In a 10 to 12 per cent, antimony-lead alloy the 
revisers have found that 0*2 to 0-3 pe^ cent, of the antimony remains 
insoluble. * 

The lead sulphate is filtered off, washed, dissolved in ^ammonium 
acetate and reprecipitated with sulphuric acid ; the remaining antimony 
is now in solution. ‘The^ead sulphate is filtered off, washed, and may be 
weighed as*sulphate if results ojT* only* moderate accuracy are required. 
Tin and antimony are determined in the/combined filtrates, the former 
by reduction wjfh iron*ai\ci titration witfi stan( 3 ard iodine solution and 
tSe latter by titration with potassium peijmanganate s9lution. 

Frecj|uentl>^^the only determih^tiofis required, are antimony and 
arsenic, but tin and copper are somfeti^q^es reauired in addition. 

^ Ind, Eng, Ckem,^ 1917 , 
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These four elements are frequently determined on separate portions 
of the antimonial lead. 

Silver in hard lead is always determined in the dry way (c/. Silver, 
p. 102 ) by scorification and cupellation. 

Analysis of Hard Lead by the determination of the Specific 
Gravity. — The n^ethod recommended by G. Faunce,^ which was not 
at firsts adopted on account of the inaccuracies in manipulation, has 
been investigated, and made practicable, by F. W. Kiister, P. Siedler, 
an(^ A. Thiel ; ® they obtained excellent results when the alloys 
under consideration solidified without formation of blow holes. On 
testing a hard lead, prepared by melting together 24 g. of pure lead 
and 6 g. of pure antimony in an atmosphere of hydrogen, the mean of 
sixteen determinations gave a specific gravity of 9 - 977 , and the greatest 
difference from the actual antimony content worked out at 0 08 per cent. 
The calculation is based on the fact that hard lead containing 20 per cent, 
of antimony has a specific gravity of 0-977 (Faunce gives 9 974 ), and that 
in this alloy the specific gravity varies by o-o 6 o if the antimony content 
varies by i per cent, (according to Faunce). 

In English works the following table is often used to give approxi- 
mately the amount of antimony contained in antimonial lead : — 


1 

Hpec. gray. 

Ver cent. 8b. 

8j>ec. gray. 

Per cent. Bb. 

_ 

11-40 ^ 

Nil 

10*65 

10*0 

11*85 

0*64 

10*60 

10*7 

11*30 

1-27 

10*55 

11*4 

11*26 

, 1-90 

10*50 

12*1 

11*20 

2*5 

10*45 

12*8 

11-15 

3*1 

10*40 

13*6 

11*10 

3*8 

10*35 

14*4 

11*05 

4*4 1 

10*30 

15*2 

11*00 

5*1 ! 

I 10*25 

i 16*0 

10*95 

5*8 1 

10*20 

16*8 

i0*90 

6*5 

10*15 

• 17*6 

10*^6 

7*2 

10*10 

18*4 

10*80 

7*9 

10*05 

19*2 

• 10*75 

10*70 

8*6 

9*3 • 

• 

10*00 

20*0 


V. — Analysis of Work Lead {cf» also. p. 1 1 g»). 

Th*e work lead as obtained dirCctlj^ fjom the ores contaii»s »96 to 99 
per cent, of lead, and is either i^fined, desilverised, and worked up into 
soft lead at the smelting J^orks, or sent to spef:iarrefinine works. ’ Since 
the content Of iqppurities •is»jjiuch higher than in joft lead, a mucfl 
smaller weight of sapiple suffice^ for the analysis, which juay be carried 
out in exactly |he same wqy, a3 a soft lead hnalysis (c/. pp. 232 seq.). 

1 / anal, Chem,^ 18^7, 1, M3. ^ Chem, 1902, 26, 1107. 

• • % 
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On account of the higher content of antimony, it is best dissolved in * 
a mixture of nitric and tartaric acids. 

H. Nissenson and B. Neumann^ dissolve lo to 50 g. according to 
the purity of the sample; for 10 g., 16 c.c. of nitric acid (sp. gr. 1*4), 
60 c.c. of water, and 5 to 10 g, of tartaric acid is sufficient. The amount 
of tartaric acid given is sufficient to bring all the antimony in 50 g. into 
solution. The lead is precipitated out of this solution by the addition 
of sulphuric acid, 3 cc. being added for every 10 g. of metal taken, and 
the solution filtered free from lead. 

If the precipitation is done in a graduated flask, which is filled to 
the mark after cooling, and only a measured quantity of the solution as 
filtered through a dry paper taken for analysis, the volume of the lead 
sulphate (2-15 c.c. per 10 g. of lead) must be subtracted, in the manner 
given by Fresenius - for the analysis of soft lead. 

The filtrate from the lead sulf>hate is evaporated and treated with 
sodium hydroxide and sodium sulphide as in the analysis of liard lead 
according to Nissenson and Neumann (p. 237). Arsenic, antimony, 
and tin are dissolved, separated, and determined as described. The 
residue contains copper, silver, bismuth, cadmium, zinc, iron, cobalt, and 
nickel, and is further treated as in the analysis of soft lead. Silver is 
determined in a separate weighing by cupellation {cf. pp. 1 10 scg.\ 

The sulphur in work lead may be determined either by heating 
a fairly large quantity in a current of chlorine, collecting the sulphur 
chloride in a receiver and precipitating the sulphuric acid formed 
from the chloride by barium chloride, or by the sodium hydroxide 
method given on p. 236. 


VI.— Lead Matte, Copper Lead Matte, Litharge 
AND Red Lead 

The silver in the smelting products which contain sulphur compounds 
of iron, lead, copper, etc., is always determined by dry methods or by a 
combined wet and dry method {cf, pp. loj and 114). Lead and copper 
•maybe determined by the method given for copper ores containing 
lead (p. 190), ^The lead sulphate is then dissolved in ammonium acetate, 
the solutiog either pje^cipitated with sulphuric acid or titrated with 
ammonium molybdate, or the sulphate con^^erted into carbonate, which 
is dissolved in nitric acid an^f ^lecfrolysed, etc. {cf, V^et Methods of 
Assa)jing Lead Ores, ^3. 226). Tl^ co/per may be determined either 
electrolytically^or volumek-ically {cf. Copper Assays for Ores, p. 190). 

Litharge is analysed either by dry^fndthods (<j/C#Lecyd Assays for 
Oxide ^Ores, etc. p. 225), or i^s fused with^sodium carbonate and sulphur, 

1 CAem^ ZeiU, 1895 •19, - •/ Sbc. CAgmtJnd, 1895, 14,^063. 

® Quantitaiive Analysis^ 7th ed., vol. ii., p. 335. 
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;the melt lixiviated, arsenic and antimony determined in the solution, 
and lead, bismuth, copper, and iron determined in the residue by the 
methods given for the analysis of soft lead (pp. 232 et seq,). The amount 
of copper, which is generally small, may be determined colon metrically 
(p. i89\ The silver in the litharge is determined by the cupellation of 
the lead button oljtained from the lead assay. 

Red*lead may be analysed by the methods given above for litharge, 
but sometimes it is necessary to determine in addition the percentage 
, of ^b304 present. E. F. Figg ^ has described a modification of Liebig’s * 
method which is carried out as follows : — One g. of the red lead is treated 
in a glass mortar with 40 c.c. of a saturated solution of sodium acetate 
in 5 per cent, acetic acid and a known excess (40 to 50 c.c. of Njio solu- 
tion) of sodium thiosulphate is added. The decomposition of the red 
lead proceeds slowly, and rubbing with a pestle is needed to complete 
it. The addition of a few c.c. of $ pef cent, potassium iodide solution 
facilitatej? the reduction of the more resistant particles of red lead and 
does not affect the titration. A few drops of starch solution are then 
added, and the excess of thiosulphate is titrated with Njio iodine 
solution. The large excess of sodium acetate prevents the precipitation 
of lead iodide, and the end-point of the titration is sharp. 

For the analysis of red lead for use as a pigment see p. 499. 


, VII.— Rich Lead Alloys 

Tin-Lead Alloys rich in Lead. — One gram of the very finely divided 
alloy (rolled or scraped) is completely decomposed by warming in a 
covered porcelain or platinum dish with 20 c.c. of nitric acid of sp. gr. i*2. 
One. hundred c.o, of boiling water is then added, boiled for five minutes, 
and the tin oxWe filtered off {cf. Bronze Analysis, p. 216). In the filtrate 
the lead is determined by evaporation with sulphuric acid, etc. Since 
the oxide ‘of tin generally contains small quantities of lead, it is fused 
(after weighing) with sodium* carbonate and sulphur, and any lead • 
sulphide remaining after lixiviation with water converted into sulphate, 
which is weighed as such, and the corresponding amounf^of^lead oxide 
deducted from thfe weight of impure stannic oxide. 

Anfimony is generally *presenpt in ^hese alloys, and spe«ial pre- 
cautions are then necessary, as%Jie antinlonious oxide will remain with 
the stannic oxide. 

The tin md ^antimony aje generally determiijecf on separate 
portions of the sample, the forfier by solution of hydjpchloric acid 
(assisted by a^ little chlorate • if .nece^ai^^), reduction by* iron and 

* y. Soc» Ckenu Ind*^ Xpas, 449 68T. ® Z, angm, ChSn*y 1901, 14, 8a8. 
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titration with iodine, and the latter, after solution in sulphuric acidi 
: by titration with potassium permanganate solution. If desired, 
antimony may be determined by titration with potassium bromate 
after dissolving the alloy in hydrochloric acid to which bromine has 
been added. 

Type metal, Bearing metal, etc. (Lead, Antinjpny, Tin).— Type 
metal, if it contains only a few per cent, of tin, is analysed like hard 
lead and dissolved in dilute nitric and tartaric acids {cf. p, 236). If it 
contains a higher content of tin, it is treated like anti-friction or white 
metal (c/. Tin, p. 265). Separate determinations of the metals are 
generally made as above.^ 

For determining the lead in alloys of lead, tin, and antimony, 
Parry 2 recommends the separation of the lead in alkaline solutions; 
the sulphide is then dissolv^ed in hydrochloric acid with the addition of 
potassium chlorate, neutralised wMth ammonia, acidified with acetic acid, 
and titrated with potassium chromate. 

Shot. — Shot contains from 0*2 to o-8 per cent, of arsenic in addition 
to the lead. One gram of the shot, flattened by striking with a 
hammer, is dissolved in an Erlenmeyer flask by warming on the 
sand-bath with 20 c.c. of dilute nitric acid (sp. gr. 1-2). Ten c.c. of 
distilled sulphuric acid is added, and the solution boiled till sulphuric 
acid fumes are evolved. The cold residue is taken up with water^ 
the lead sulphate filtered off, the filtrate boiled with 20 c.c. of sulphurous 
acid solution till no smell is recognisable, so as to reduce the arsenic, 
which is then precipitated by passing in sulphuretted hydrogen, and 
finally weighed as magnesium pyroarsenat^. 

Another method consists in dissolving i g. of the sample in 10 c.c. 
of concentrated sulphuric acid, cooling and diluting to 50 c.c., after 
which 100 c.c. of strong hydrochloric acid is added and the arsenic 
precipitated as sulpjfiide by sulphuretted hydrogen. " ^ 

The arsenic is often ^est determined by distillation at 120'' with 
a solution containing 600 g, of calcium chloride, 300 g.,of ferric 
chloride, and 600 c.c. of hydrochloric .acid in i litre. The solution is 
• boiled gently in the presence of antimony (r/. Estimation of Arsenic 
in Copper, p^20S) for twenty minutes, the distillate ccjlected in a 
U-tube cojitaining a little water, neutralised with ammonia, just 
acidified with hydrochloric acid, sodium bicarbonate*' added, and the 
solution*then titrated with iodit^p. In the presence of ^ small quantity 
of sulphur a little sojid mercuric^ chlcj^ide is put into the distillation 
fla%k to preveijJ sulphuretted hydrogen comii^ over and reprecipitating 
the arsenic in th^ U-tube. 

* W. ifa^maier, Chem, a^id^MeU Effg., 16, 84 ; / Ihsl, Metahy igr;, 17, 353. 

^ Analysis of Ashes jind A Hoys ^ « 
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VIII.— Waste Lead and Lead Ashes 

Dry Method . — A large average sample of several kilograms weight 
is crushed and sieved, the proportion by weight of the flattened metal 
to the ^nes determined, each weighed out in this proportion so as to 
* give a total assa)^ sample of 50 g., and the metal in this reduced by 
fusion with sodium carbonate and charcoal, borax, and a covering of 
common salt in an iron or clay crucible {cf. p. 224). The impurities 
, majj be determined in the button of lead according to the methods 
given for the analysis of work lead and hard lead. 

Many metallurgists prefer potassium ferrocyanide as a reducing 
agent, in which case 100 g. of metallics and fines are mixed thoroughly 
with 30 g. potassium ferrocyanide, 20 g. sodium carbonate and 10 g. 
of borax, and the mixture fused in a clay crucible. The metal and 
slag should always be allowed to solidify in the crucible, and this 
necessitates the breaking of the crucible to remove the metal button. 

Wet Method . — Ten grams in all of a mixture of the metallic and the 
oxidised earthy portions is weighed, dissolved in 75 c.c. of nitric acid 
of sp. gr. 1-2 with the addition of a few grams of tartaric acid, the 
solution filtered after dilution with water, cooled, diluted to 500 c.c., 
SO C.C. (corresponding to i g.) taken, the lead precipitated as sulphate 
by the addition of 5 c.c. of sulphuric acid, and weighed, as such. The 
impurities (antimony, copper, etc.) may be determined in the filtrate by 
the usual methods. • 

!^-ead ashes, which frequently contain lead sulphate, are treated with 
nitric acid, the residue washed, boiled with neutral ammonium acetate 
the filtrate diluted to 500 c.c., in 50 c.c. of which (corresponding to i g. 
of substance) the lead is precipitated with sulphuric acid. 


IX.— Lead Slags 

• 

For the determination of ftad in slags containing much lead, the 
dry assay gives sufficiently accurate results, but for sla^s containing 
little lead the volumetric method is necessary. From 2 to^ g. of the 
finely powdered slag is dissolved in aqua regia,*evapbrated to dryness 
and balled to dehydrate the silicaftak^ up with dilute hydrochloric 
acid, diluted and filtered. TV filtrat’e is nearly neutralised, and 
sulphuretted hydrogen parsed in to ‘precipitate the lea^ as sulphide. 
The pgscipitatft i^ filtered offf, washed, dissolved in. nitric acid, and* 
the solution Ivaporaf^d with su](>huj|il: acid to separatq.the lead as 
sulphate; this precipitate ja then washed, dissolved in ammonium 
acetate, and titrated with ^I^roonium* molybdate {cf. p. 230). 
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F. S. Schimeska^ has modified this method in order to adapt it to 
the rapid determination of lead in slags. Two g. of the slag is 
weighed into a 250 c.c. flask, 1 5 c.c. of water added, the whole boiled, 
and then 5 c.c. of concentrated hydrochloric acid added whilst agitating 
the flask. Immediately solution is complete, 140 c.c. of colfl water 
is added, followed by 50 c.c. of saturated sulpl^retted hydrogen ‘ 
water; the flask is then stoppered and vigorously shaken for fifteen 
seconds. The lead and copper present, which are precipitated in flakes 
of sulphide, are then filtered off! The occasional precipitation of ^inc , 
is of no consequence, and if small particles of slag remain undissolved, 
they will be attacked in the subsequent treatment. The addition of 
water to the hydrochloric acid solution of the slag is made quickly, so 
as to prevent the formation of gelatinous silica. The proportions of 
acid arid water given above must be used, otherwise the lead will not 
be precipitated. The sulphide l)recipitate is filtered on to an asbestos 
filter attached to a pump, washed twice with water, transferred to a 
porcelain dish, 2 c.c. of concentrated nitric acid and 8 c.c. of con- 
centrated sulphuric acid added, and the whole boiled until nitrous 
fumes cease to be evolved. After cooling, 40 c.c. of water is added, the 
liquid boiled and then filtered on paper or on an asbestos filter ; any 
copper will be found in the filtrate. The filter and precipitate are 
boiled with ammonium acetate solution, and the solution which contains 
the lead titrated with ammonium molybdate solution. 


X.— Lead Glazes 

The Home Office gives the following method for the determination 
of the soluble lead in lead glazes A weighed quantity of the finely 
ground and dried material is shaken continuously fdr one hoiff with 
one thousand times its weight of 0-25 per cent, hydrpcliloric acid, and 
filtered after standing for one hour. The lead is precipitated as 
sulphide in an aliquot part of the filtrate, and then weighed as sulphate. 
A suitable quantity for the test is o>s g.'of the dried glaze. 


^ Eng, and Min, 1910, 89, 467. 
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BISMUTH. 

Bismuth is produced in part directly from ores and partly from 
intermediate products arising in the working up of work lead con- 
taining bismuth ^[litharge, furnace bottoms, and cupels containing 
bismuth^. 

Of the numerous minerals containing bismuth, the following ores 
.are^of practical importance: — 

Native Bismuth, often containing some arsenic. 

Bismnthite, Bi^S^, with 81*2 per cent. Bi. 

Emplecite, CuBiSg, containing 62-0 per cent. Bi and 18-9 per cent. Cu. 

Bismuth Ochre, B^Og, with 89-6 per cent. Bi, containing always 
some HgO, CO^, and FcgOg, and, less frequently, AsgOg also. 

The ores, metallurgical products con 1 :aining bismuth, and the bismuth 
alloys ar 3 always analysed by wet methods; the dry assays^ for ores, 
etc., are, on account of the greater volatility of bismuth, less accurate 
than the corresponding lead assays, and an impure metal always results, 
since lead, copper, antimony, arsenic, iron, etc., are easily retained by 
the bismuth. Only the noble metals in the ores, etc., are determined 
by dry assays {cp Silver). 


I.— Analytical. Methods for Ores and Metallurgical 

Products 

Fresenius' Method.^ 

This method is suited to all ores, and takes into consideration the 
prescKice of bismuth, lead, copper, silver, gold, antimony, arsenic, tin, 
iron, cobalt, nfckel, zinc, sulphur, and tellurium. 

For the determination of the bismuth, 2X0 $ g, of the very finely 
ground or^, dried at 100°, is dissolved in nitric acid of sp. gr. 1-3 (30 to 
75 cx.) with the addition of 2 tt) 5 g. of tartaric acid, in a flask placed < 
in a slanting position on a sand-bath. The solution, somewhat diluted, is 
filtered, the filtrate diluted to 100 or 250 c.c., and sulphuretted hydrogen 
passed in to saturation in the cold. The precipitate isISltered off, 
washed* with sulphuretted Iiydrog^n winter, and boiled with* sodium 
sulphide solution. The insoH^le sufphides are collected on a filter 
paper, washed, dissolved ty warming with c^ilute nitric acid, and the 
solution filtered J[from sulphi^r and any lead sulphate). Sodiuiff 
carbonate is * added ^to the nitfic ^Cid solution "^(of bj^muth, lead, 

^ o/Assaj^n£^g 2 i,\$ih ed., p. |ai. 

2 Fresenius, Quantitative Analysis, 7th ed,, vol. U., p.*4i8, 

• * ^ • 
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copper, silver) until a permanent precipitate is formed, and then a 
few grams of pure potassium cyanide. After digesting at a gentle 
heat for some time (about one hour), the bismuth and lead carbonate 
precipitate, which retains alkali, is filtered off. 

For the separation of the bismuth from the lead, the carbor;ates are 
dissolved in hot, dilute nitric acid, the solution evap9rated with a good ' 
excess of sulphuric acid (about 4 c.c. for a i g. sample), the residue 
taken up with a liberal supply of dilute sulphuric acid and well boiled, 
the lead sulphate, free from bismuth, filtered off and washed with iq per , 
cent, sulphuric acid. The acid bismuth sulphate solution is diluted, a 
slight excess of ammonia added, and after gentle warming, the bismuth 
hydroxide filtered off and washed for a short time. The impure 
hydroxide, contaminated with some basic sulphate, is dissolved in a 
little nitric acid, the pure hydroxide precipitated as above with a 
slight excess of ammonia, and, ‘'after drying, converted into oxide by 
ignition. BigO^ X 08969 = Bi. ** 

If the amount of bismuth is small (up to o*i g.), the washed 
hydroxide is dissolved off the filter paper by dropping hot, dilute nitric 
acid on to it from a pipette. The .solution is evaporated on the water- 
bath in a weighed porcelain crucible, the crucible then heated on a 
sand-bath, and the nitrate finally completely decomposed by ignition 
over a free flame. 

Larger quantities of the hydroxide are’ dried, separated as completely 
as possible from the filter paper, the portion that remains attached 
dissolved off as above, the .solution evaporated, and then the dried 
and ignited bismuth hydroxide added. „ 

The separation by means of sulphuric acid is satisfactory, provided 
plenty of acid is used, and the residue is not treated with too much 
water. Fernandez-Krug and Hampe give the following method for 
the detection of any retained basic bismuth sulphate: — The vt^ashed 
lead sulphate is washed off the filter paper, the water removed by 
evaporation, and the sulphate converted into chloride by warming 
with concentrated hydrochloric acid. , After cooling, about 50 c.c. of 
absolute alcohol is added to the small Volume (about 5 c.c.) of hydro- 
chloric acid solution (H. Rose’s method), the solution stirred, and after 
standing for a short time, the alcoholic solution containing all the 
bismuth (present* in the lead sulphate) as chloride is filtered. On 
diluting^ with a large volume wa\er, the bismuth is precipitated as 
oxychloride, and thu.s separated from f.ny trace of lead chloride which 
nfay have gone into solution, * \ 

H. Rose's^ n^ethod of separation, depending on.tlfo insolult^lity of 
lead chloridajn strong alcohol, is^Iessjconvenient to carry out than the 
foregoing separation by isaean^ of sulphuric, acid. The dilute bismuth 

• ^ * € s' 

Rosc-Finkener, Quantitative Anefyse, p. 16$. 
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and lead nitrate solution, corresponding to a sample of about i g., is 
evaporated to quite a small volume (3 c.c.), rather more strong hydro- 
chloric acid than is necessary for the formation of the chlorides (5 c,c.) 
added, and stirred for a few minutes at a very gentle heat. After 
cooling, 25 c.c. of absolute alcohol is added, the solution stirred, the 
lead chloride filtered off after some time and washed, first with absolute 
alcohol find a few^drops of hydrochloric acid, and finally with absolute 
alcohol. By diluting the filtrate from the lead chloride with a quantity 
of water (500 c.c.), all the bismuth is precipitated as oxychloride, which, 

* aftc!* standing for twenty -four hours, is filtered on to a tared, dried 
filter paper, dried at no'', and weighed as bismuth oxychloride. 
BiOCl X 0-8024 = Bi. 

It is quicker, to drive off the greater part of the alcohol in the 
bismuth solution by gently warming, and then precipitate the bismuth 
hydroxide by a slight excess of ammonia, and weigh as oxide as above. 

The determination of the remaining constituents in bismuth ores is 
fully described by l^Vesenius The noble metals are always 

determined by dry assays (r/. Silver and Gold). 

The analytical methods, which appear somewhat complicated, may 
often be much simplified, according to the composition of the ores. In, 
for instance, bismuthite, containing only copper pyrites (CuFeSg) as 
impurity, the first precipitate, with sulphuretted hydrogen (BigSg+A-CuS), 
naturally need not be extracted with sodium sulphide solution ; the 
copper sulphide is preferably removed by potassium cyanide solution, 
the residue of bismuth sulphide dissolved in hot, dilute nitric acid, a 
slight excess of ammonia added, and the precipitated hydroxide 
converted into bismuth oxide and weighed as such. 

Bismuth ochre, if it contains only iron and gangue as impurities, 
is still simpler to analyse. The filtered diluted nitrate solution is 
satur^ed with sulphuretted hydrogen and the bismuth sulphide treated 
as given for bismuthite. Bismuth ochre contaiiTing arsenic is best 
dissolved in hydfochloric acid, the gangue fiftered off, and the bismuth 
and ansenit precipitated in the somewhat diluted solution by sulphuretted 
hydrogen, etc. (Bismuth arsci>ate dissolves readily in hydrochloric acid « 
and in hot, strong nitric acid ; it is insoluble in cold, dilute nitric acid.) 
The precipitation of the bismuth as oxychloride by fSilution of the 
hydrochloric acid solution is less reliable. 

Hamf^'s Mdtbods.^ 

One gram of the fintly ground* and dr^ed *slag is digesteef in* a 
platinum dish^with about of nitric acid for long time, and 

then 10 c.c. df concentrated hydi|ofluofic acid is added, ^f the slag is 
dissolved, a few^drops of conceiTtrafeJ sijlpltui;ic acid are add^d, and the 
^ CJ^ew, Zeit., 1891, J5, 410 ; J . CTiem. Ahstr.y i8giC, 919. 
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contents of the dish are evaporated to dryness. The residue is again 
dissolved in nitric acid and any graphite (from the crucibles) filtered off. 
After neutralising the filtrate with ammonia, bismuth, lead, and iron, as 
well as the small quantities of alumina and calcium, are precipitated 
with ammonium carbonate, the solution boiled, and the precipitate 
filtered off. The precipitate is dissolved in nitric acid and sulphuretted 
hydrogen passed into the solution. The prccipitatecf lead and Wsmuth 
sulphides need not be treated with sodium sulphide, since antimony is 
present only in traces, but are at once dissolved in nitric acid. The 
solution, filtered free from sulphur, is precipitated with ammonium 
carbonate, taking the usual precautions, the precipitate containing all 
the lead and bismuth filtered off, dissolved in hydrochloric acid, and the 
solution of lead and bismuth chlorides evaporated to complete dryness. 
The lead chloride is then dissolved by much hot water, whilst the 
bismuth is precipitated as oxychloride and filtered off. The bismuth 
oxychloride is dissolved in nitric acid, precipitated with ammonium 
carbonate, filtered, and the filter paj^er with the precipitate dried. 
When dry, as much of the bismuth carbonate as possible is removed 
from the paper and set on one side. Any carbonate remaining 
attached to the filter paper is dissolved off in nitric acid, the solution 
evaporated to dryness in a weighed porcelain crucible, the remainder 
of the precipitate then added and carefully ignited, after which thq 
bismuth oxide is weighed. 

r 

The Electrolytic Determination of Bismuth. 

According to O. Briinck's^ modification of K. Wimmenauer’s method 
the electrolytic determination of bismuth is carried out as follows : — 
A nitrate solution, free from chloride, is prepared containing not more 
than 2 per cent, of acid. A maximum E.M.F. of *2 volts is^used. 
With solutions containing more than i per cent, of m\ital, a current 
density of 0*5 ampere p^r lOO sq. cm. and over may be em[)loyed; 
with weaker solutions it is well not to use more than o-i ampere. At 
^ the commencement of the electrolysis* the solution is heated to 70" or 
80®, and allowed to cool down of itself whilst the electrolysis proceeds. 
The depositie^a on a Winkler gauze cathode is compfete in from 
two to th^e houcs, * The deposited metal is of a li^ht rcddi.sh grey 
colour, ^dgnse and adhesive. ^The* washing must be done without 
breaking the circuit, otherwise •appreciable quantities* of bismuth are 
re;plissolved. 

• The rapid |>recipitation of bismuth wjtl\ the use of airotating anode 
and mercury^ cathode is described by Smith ‘d (cj, Voi. I., p. ^108). 

• « * « * f 

Ber., 1902, 35, 1Z71 ; Z. au^w, 15, 7351^ 1902, 82, 478. 
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The Colorimetric Determination of Small Quantities 
of Bismuth.^ 

Stone ^ found that an excess of potassium iodide, added to a dilute 
sulphuric acid solution of bismuth, produces a yellow colour the 
intensity of which is directly proportional to the amount of bismuth 
present. As it i| not necessary to obtain the bismuth as a pure salt, 
practic&lly all the sources of trouble in separation are absent. The 
object is to first obtain a solution free from large quantities of lead, 
co^er, tin, antimony, gold, and silver, then to precipitate the bismuth 
as oxychloride, together with possible traces of these metals, arsenic, 
or tellurium, and to apply the colorimetric method to the solution of 
this precipitate in sulphuric acid. Ores, mattes, etc., are dissolved in 
hydrochloric a«d nitric acids, the silica removed as usual, and the 
filtrates treated as described under copper or lead, with the exception 
that hydrochloric acid must be removed by evaporating with sulphuric 
acid to [Precipitate any lead. Samples containing large amounts of tin, 
antimony, or arsenic may be fused with a mixture of equal parts of 
sodium carbonate and sulphur, and the melt dissolved in water and 
boiled, when all the bismuth is found in the black residue on filtering, 
and may be dissolved in nitric acid. Ten grams of copper is dissolved 
in 6o c.c. of nitric acid (i : i). the solution diluted with 150 c.c. of 
•water, and a saturated solution of sodium carbonate added till a slight 
permanent precipitate forms; i c.c. is added in excess, which brings 
down all the bismjuth and some copper, and the whole is boiled for 
five minutes and allowed to settle. The precipitate is filtered off, 
washed once, and dissolved through the paper back into the original 
beaker with hydrochloric acid, the bismuth precipitated as basic chloride 
and, if necessary, rcprecipitated to separate the remaining copper 
as directed below. Ten grams of refined lead, base bullion, etc., arc dis- 
solved in 80 c.c.'of water and 20 c.c. of nitric acicl (sp. gr. 1-42), boiled 
to precipitate rnost of the tin and antimony, and a small excess of 
sodium chloride solution (i : 200) added to precipitate the silver. The 
lead is precipitated by adding C^p c.c. of boiling sulphuric acid (i ; 20), 
drop by drop, to the boiling Solution, with constant stirring, and then* 
30 c.c. of splphuric acid (1:3) in excess. The liquid is cooled and 
allowed to stand an hour, filtered, and the precjpitate washed several 
times by decantation with ^sulphuric acid (1 : 20). Vive c.c. of strong 
hydrochloric J^cid is added to flie ^^rate, and a slight* ^cess of 
ammonia, then a few drops o\ hydrochloric acid (1 : 5), till a drop of 
methyl orange in the solution indicates thaU it is just ^cid, when it is 
boilec^for a mlnuje and altow^ad to stand in a warm#place for an hour. 
The precipitate is collected orf a Jilter and washed twice, and the 
acidity of the filtrate readjusted lo itw is free from bismuth, or 

^ Rowell,/. Sor. Chem, 1908, 27, 102. - 6, 416. 
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it is tested with potassium iodide. The filter and precipitate are now 
pulped with lo c.c. of sulphuric acid (1:3), 30 c.c. of water added, and 
the solution boiled, cooled thoroughly to separate any lead sulphate, 
and filtered through a Ilirsch’s or similar funnel on the filter pump, and 
the paper pulp carefully washed with sulphuric acid (i : 20). All, or a 
suitable fraction of the filtrate, containing possibly antimony, arsenic, 
tellurium, iron, and traces of lead, copper, or silver, and not mdre than 
2 or 3 mg. of bismuth, is placed in one of a pair of lo-inch Nessler 
tubes, and 5 c.c. of sulphuric acid (i : 3) with some water in the other, 
and both are shaken up after the addition of 5 c.c. of potassium iodide 
(20 per cent.) and ten drops of sulphurous acid (one part saturated 
solution to two parts water). The blank tube is titrated with a 
standard solution of bismuth (made by dissolving o*i g. of pure metal 
in 10 c.c. of strong nitric acid and making up to 1000 c.c. with water), 
till the colour of about 120 c.c. ^matches that of an equal volume of 
the test solution. 

Arsenic, antimonic, and nitrous acids and ferric salts, or excessive 
quantities of sulphuric or nitric acids, sulphates, or nitrates throw out 
iodine, which is removed by prolonged boiling, or more easily by 
sulphurous acid. A hot solution of bismuth iodide is a little darker 
than when cold, and in the presence of tellurium, boiling permanently 
but only slightly darkens the colour. A large excess of sulphurous acid* 
produces an iodine colour, which is removed by the addition of more 
potassium iodide. Alkalis in excess, ammonium apetate, hydrochloric 
acid, and chlorides bleach the colour, but the addition of more sulphuric 
acid or potassium iodide restores it. Experiments show that any 
precipitates of copper or silver iodides or metallic tellurium may be 
filtered off without losing any bismuth, but that lead iodide carries a 
large proportion of the bismuth with it. Two milligrams of lead, 
copper, or silver may be present in the Nessler tube \^dthout giving a 
precipitate or darkening the colour, but a careful watch must be kept 
on this, as a very slight precipitate considerably darkens the tint. 

Two operators using a simple form of colorimeter cfearly and 
" correctly distinguished between the following quantities of bismuth, 
which were unknown to them, and also between various, other inter- 
mediate quantities in 125 c.c. of solution: — None and o-ooooi g., 
0-00020 g. and O'boo2is g., o ooio g. and 0 00105 ^., 0-0020 g. and 
0-0021 g.,'0 0030 g. and o oojc^g. ;'o-ooooi g. represents one part in 
twelve and a half milHons, andf these fj^ures show that this colour test 
is 'at feast twice as delicate as Nessler’s test -fpr ammonia, and that the 
limit of error is within 5 per cent, of the«bismuth prqsen'f, which ^means 
that a result^qf o-ooi per cent. B ^coriyect to withip 0 00005 per cent, or 
a result 0/ o-io per cent, is within 0-005 pet pent, of the Jruth. 

The apparatus is described; and figured ih Vol. L, p. 181. 
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II. — Analysis of Commercial Bismuth 

For many years bismuth has been put on the market in a very pure 
condition, since it is chiefly manufactured for pharmaceutical prepara- 
tions and must comply with the requirements of the Pharmacopa^ia (as 
regards its freedom from arsenic, etc.). Smaller quantities of bismuth 
are used for the preparation of fusible alloys (bismuth with tin, lead, 
and alsb cadmiun^, which are used in safety appliances for steam boilers 
and for other purposes. 

Crude bismuth is frequently largely contaminated by antimony, 
arsenic, copper, lead, and sulphur. 

Qualitative Detection of the Impurities. — Two grams of the metal 
is dissolved by warming in 30 c.c. of nitric acid (sp. gr. i-2); if a per- 
manent milkin^ss of antimony or tin is produced (bismuth arsenate 
dissolves), 30 c.c. of water is added, the solution boiled for a few 
minutes, and the precipitate, to be inwstigated later, filtered off. Any 
silver iii^ the filtrate is precipitated as chloride by a few drops of 
hydrochloric acid, and the filtrate from the silver chloride evaporated 
to quite a small volume (3 to 5 c.c.). Ten cubic centimetres of fuming 
hydrochloric acid is then added, well stirred, 30 c.c. of absolute alcohol 
added, again well stirred, allowed to stand a quarter of an hour, and 
the separated lead chloride filtered off. The filtrate is evaporated on 
.the water-bath to to c.c., 150 c.c. of boiling water added, the bismuth 
oxychloride filtered off, the filtrate from which is concentrated by 
evaporation to about 20 c.c., and one-half of the solution saturated 
with ammonia : iron is precipitated as brown flocculent hydroxide ; 
copper gives a blue solutio^n. A fair quantity of the oxychloride pre- 
cipitate is dissolved in the other half of the filtrate from the bismuth 
oxychloride by addition of hydrochloric acid, and the solution tested 
for arsenic in a simple Marsh apparatus. Arsenic may also be recog- 
nisecW:)y the blowpipe ; alloyed with an equal weight of zinc, bismuth 
containing ariTcnic evolves hydrogen containing arseniuretted hydrogen 
in a Marsh apparatus. * 

Quanfltative Analysis. — Op solidifying, that part of the metal 
which solidifies last is very rith in impurities, and is squeezed outofi> 
the bar or c^ke and solidifies on the surface in the form of a protuber- 
ance. In sampling, this protuberance is removed a chisel, its 
weight and the tatio of its weight to that of ^lie fotal wmght of the 
ingot determined, and then (aftei* pulverising the protuberai^e) pro- 
portional quantities of the iif^jpure pr&tuberance and of the purer 
remaining part of the in^t mixed iTor the sample. * \ 

Three grams pf the sample is dissolved in 50 p.c. of nitric acih 
(sP‘ gL 1*2) a^d 3 g.,of tartaric jicid fh a flask over a fr^c flame, the 
nitrous fumes jpoiled off, th§ s?)lution cjpoR^d, transferred to* a beaker, 
diluted to 200 to 300 cx.,jand sulphTiretted hydrogeiT passed in for a 
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long time without warming. After several hours the sulphides are 
filtered off, washed with sulphuretted hydrogen water, and the filtrate 
again saturated with sulphuretted hydrogen, and gently warmed for 
twenty-four hours. By this treatment a further small quantity of 
ansenic sulphide may separate, which is filtered off, dissolved off the 
filter paper by a saturated solution of ammonium carbonate and 
again reprecipitated by adding excess of hydrochloric acid, and 
warming. In the filtrate from the sulphuretted hy drogen precipitates, 
the iron is precipitated by saturating with ammonia, adding ammonium 
sulphide, and warming. The iron sulphide is filtered off, dissolved in 
hydrochloric acid, the solution evaporated, the iron oxidised with 
bromine water, and then precipitated as hydroxide by ammonia, and 
either weighed as ferric oxide or titrated. 

The sulphides are digested for several hours with yellow sodium 
sulphide solution. A trace of bismuth may be dissolved. It will be 
found with the arsenic and other sulphides, and is removed together 
with traces of copper, by carefully treating the ammoniacal solution (to 
which some tartaric acid is added) with sulphuretted hydrogen water 
according to Finkener’s method. The solution containing the antimony, 
arsenic, and possibly tin, is filtered, the sulphides reprccipitatcd in the 
filtrate by acidifying with dilute sulphuric acid, and wanning for a good 
time on a boiling water-bath. They are then filtered off, washed with 
hot water to which some ammonium acetate and acetic acid is added, 
finally once with pure water, then with absolute alcohol. In order to 
remove as much as possible of the sulphur from the precipitate, the 
filter tube is corked up, carbon bisulphide, poured on to the paper, 
and allowed to stand for several hours. After running off the carbon 
bisulphide, and after the residue left on the j^aper has evaporated, the 
sulphides are dissolved off the filter paper in warm dilute hydrochloric 
acid to which some potassium chlorate is added. To thti solution 'Strong 
hydrochloric acid is'added, and the arsenic precipitated as sulphide by 
saturating with sulphuretted hydrogen for a long time. The sulphide 
is filtered off on to an asbestos filter^ and dissolved in hydrochloric 
• acid and potassium chlorate ; to this soltition the solution of the small 
amount of arsenic previously precipitated (see above) is added, and 
then concentfS.ted by evaporation. The concentrated solution thus 
obtained is saturdted tvith ammonia, magnesia mixture and alcohol 
added, and the ammonium r^gnefium arsenate so obtained ignited, 
and finally weighed as magnesium pj^oarsenate Uf, Arsenic, p. 274). 

0 To the strongly acid filtrate from the arsc^iic sulphide some tartaric 
tcid is added, thq solution much diluted, •ai>timony a^d tin precipitated 
as sulphides^lpy passing in sulphuretfed hydroge;i, and .separated and 
determine*d as described on*p. 267. .Tin ig,only very .seldom found in 
commercial bisrrtutti. 
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The sulphides insoluble in sodium sulphide solution are first washed 
with dilute sulphuretted hydrogen water, then washed into a dish with 
a very little water, a few grams of solid potassium cyanide added, 
gently warmed for half an hour, the solution containing all the copper 
and silver filtered, and the residue washed first with potassium cyanide 
solution and then with dilute sulphuretted hydrogen water. The 
solutiorf containing the copper and silver is acidified with nitric acid, 
warmed until all the separated cuprous cyanide is redissolved, and the 
silver cyanide filtered off. The filtrate is evaporated with sulphuric acid 
untTl the hydrocyanic acid is completely driven off, the residue dissolved 
in a little water, and the small amount of copper precipitated by 
sulphuretted hydrogen water. The copper sulphide is filtered off and 
determined as cjiipric oxide. After drying, the silver cyanide is placed 
together with the filter paper in a weighed porcelain crucible, strongly 
ignited with good access of air, and thCi metallic silver weighed. 

The +)ismuth sulphide, still mixed with some lead sulphide, is 
dissolved in dilute nitric acid, the somewhat diluted filtrate filtered free 
from sulphur, and evaporated first in a porcelain dish, and finally in a 
beaker to a very small volume (about 5 c.c.). To the cold, syrupy 
liquid, fuming hydrochloric acid is added (according to H. Rose’s 
method^) in such quantity that a portion of the clear solution does 
•not become immediately turbid on the addition of a few drops of 
water; for 2 g. of bismuth 7 c.c. of pure fuming hydrochloric acid 
suffice. A few drops of dilute sulphuric acid are then added, and the 
solution allowed to stand for some time, with frequent stirring, so 
as to convert the lead chlpride, which separates at first, into sulphate. 
Thirty c.c. of alcohol (sp. gr. o-8) is then added to the contents of the 
beaker, which are well stirred, and the settled lead sulphate filtered 
off after a few hours. It is washed first with alcohol to which a few 
dropi^of hydrothloric acid arc added, then with water, dried, etc. 
{cf. Lead, p. 226J, and finally weighed as lead sulpliate. The alcoholic 
bismuth chloride solution is diluted with 500 c.c. of water and the 
bismuth precipitated as oxychlqfide, which is contaminated with some 
basic sulphate. It is filtered off, dissolved in dilute nitric acid, the^ 
solution neutralised with ammonia, ammonium carbonate added, boiled, 
the bismuth carbonate filtered off, washed with hot water,^and finally 
weighed as oxide {cf, Harnpe’s method of determining bismuth, etc., 
p. 24;;. 

If it is desired to separate Y^he lead' which is generally present in 

very small quantity, froi{l*the bismuth by means of sulphuric acicl^^ 

large quantity* of^the latter m«st be added to the nitrate solution of 

the two sulpfiides, and the solutif)n e^fiporated, etc., othegrwise insoluble 

basic bismuth .%ulphate is r^^dily formedi * • • * 

• • • • • 

^ Rose-Finkeii^, Quantitative Analyse^ vol. ii., p? 164. 
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Selenimri and Tellurium are found in Bolivian and certain other 
kinds of bismuth. For their determination, lo to 20 g. of the metal is 
dissolved in a slight excess of nitric acid, the cold solution diluted with 
double the volume of water (no basic nitrate should separate), sulphur 
dioxide passed in for several hours, and after standing for twp and a 
half hours, the precipitate containing silver, seleniym, and tellurium 
filtered off, and treated further as described for the determination of 
selenium and tellurium in commercial copper, p. 211. 

Sulphur is determined (in crude bismuth) by dissolving 10 g. in 
aqua regia, diluting, warming, and adding hot, dilute barium chloride 
solution. After standing for twenty-four hours the cleared solution is 
poured off, the precipitate of barium sulphate and silver chloride brought 
on to a double filter paper, washed with dilute hydrochloric acid, then 
with water, finally with ammonia, and the barium sulphate weighed. 

The Noble Plctals (silver and sometimes a trace of gold) are best 
determined by the cupellation of 50 g. of metal in a correspondingly 
large cupel {cf. Silver). E. A. Smith ^ has determined the noble metals 
in different kinds of bismuth, and found, e.g.^ in an assay of Australian 
bismuth, o-oii per cent, of gold and 0-3319 per cent, of silver. 

Ill, — A nalysis of Bismuth Alloys ^ 

As only the fusible alloys need be considered, the analysis of Wood's 
metal (bismuth, lead, tin, and cadmium) will serve as an example. 

One gram of the metal, as finely divided as possible, is completely 
decomposed by warming on the water-bath in a covered porcelain dish 
with 15 c.c. of nitric acid, the solution evaporated to dryness, the residue 
taken up by warming with very dilute nitric acid, the tin oxide (con- 
taminated with lead oxide and bismuth oxide) filtered off, washed with 
boiling water, ignited, and weighed. In order to determine the impurities, 
the weighed, impure.tin oxide is fused with six times its weight of sodium 
carbonate and sulphur (ol dehydrated sodium thiosulphate), the melt 
lixiviated w'ith hot water, and the sulphides of lead and, bismuth 
determined in the residue by H. Rose's method, as described on 
p. 253. The lead is determined as sulphate and the bismuth as oxide, 
and the weigh/^» of the two oxides subtracted from the weight of the 
impure tin*. oxide. 

The filtrate from the stannic oxide is evaporated to dryness, and 
the nitra*tes of bismuth, lead, aiJeJ cadmium converted into the chlorides 
by twice evaporating on the water bath with at^out 20 c.c. of hydrochloric 
a^id. The lead is separated as chloride by fi. Rose's method (p. 246), 
and collected on*a weighed filter pap6r. The alcoholic solution of 

1 Sffc, Ciem, 1893, 12, 3l6i * * 

2 Cp Fresenius, Qi^atitUatwe *715^ edition, vol,«ii., p. 420; alsd, Jannasch and Etz, 

Ber,^ 25, 736 (Bromine Method) ; J. Chem. Soc, Ahstr,^ 1894, 62, 385, 540, 754, 
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bismuth and cadmium chlorides is very largely diluted and the pre- 
cipitate of pure bismuth oxychloride filtered off on to a weighed 
paper, and weighed after drying for several hours at ioo°. The 
cadmium chloride solution (filtrate from bismuth oxychloride) is 
evaporated in a dish with a slight excess of sulphuric acid to quite 
•a small* volume, the solution removed to a weighed porcelain or 
platinunl crucible, again evaporated, the slight excess of sulphuric 
acid driven off, the residue ignited moderately strongly, and finally 
weighed as cadmium sulphate. The cadmium may also be precipitated 
in tlie filtrate from the bismuth oxychloride by sulphuretted hydrogen, 
the cadmium sulphide dissolved in hot dilute nitric acid, and the solu- 
tion evaporated with a slight excess of sulphuric acid, etc., as above. 
PbCl2X074 = PJd; CdSO^xo-SSQe = Cd. 


TIN. 

Analyses of the following ores and products are frequently required : 
— Cassiterite (tin-stone), tin pyrites, the commercial metal, tin alloys, 
tinplate waste, tin ashes and residues, and tin slags. 

The tin content in pure ores is sometimes determined by the dry 
methods ; all other materials arc submitted to wet analysis. The noble 
metals in tin-stone are determined by scorifying with a large quantity 
of assay lead (thirty times i:he weight), and cupelling, or the pot assay 
method may be used {cf, pp. 102 and 134). 

Tin Ore. — Tin-stone, SnOo, which contains 78-7 per cent, of tin, is 
the only ore of importance ; it is contaminated by gangue, by wolf- 
ramitejl^rscnical 'pyrites, molybdenite and pyrites, jnd less frequently 
by galena and zii^c blende. In the secondary^ formation, as stream-tin, 
it frequent^ occurs along with other specifically heavy minerals, such 
as wolframite, titaniferous iron ore, columbite, spinelle, granite, etc. 
and also frequently contains some gold. 

Tin Pj/ritsSy Cu2FcSnS4, which contains 24 to 31 percent, of tin and 
24 to 30 per cent, of copper, is only seldom found^(Cornwall, 'fasmania), 
and then not in large quantities. 

I.- -Dry Assay of Tin-Stonk ^ 

Well-dressed, rich ores* may be reduced to metaj^ with goo\ 
results poor pres^re first freefl from^the greater paft of the gangue 
by washing, which is* easily ca^-iledeout qwing to the 4figt specific 

^ For the standard methods of Tfift Assaying »as*tsed in the laboratory of the Eastern 
Smelting Co., Penang, see A Text^book^^ A^sayingy C. and J , J. Beringer, fsth edition, 192 1, p. 453. 
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gravity of cassiterite (6*8). To obtain as pure a metal as possible 
from the assay, the metallic impurities (iron, tungsten, etc.) are 
separated beforehand as far as possible. In many cases this 
“washing” assay is the only one required, the result being returned 
as “black-tin.” 

The fusion of the ore with reducing and fluxing agents is carried out 
in fire-clay crucibles in a wind furnace. Mitchell’s potassium cyanide 
assay gives the best results, although a carbon reduction method is 
largely used in Cornwall. 

Piinfication of the Sample of Ore , — For the purpose of cleaning, the/ 
ore may be treated with aqua regia alone, or with sulphuric acid| 
followed by aqua regia. The former is always used when lead or\ 
wolfram are present, but a preliminary treatment wiUi sulphuric acid \ 
is necessary with ores containing titanium minerals. 

In using the aqua regia method lO g. of the finely divided ore 
is placed in a beaker, 6o c.c. hydrochloric acid added and the contents 
well shaken, after which 20 c.c. nitric acid is added and the beaker 
placed on a hot plate to allow the contents to digest for about 
one hour. 

After cooling, about lOO c.c. water is added, the residue allowed 
to settle and then filtered on to double papers. If wolfram is present, 
it is removed from the residue by washing with ammonia (i to i) or 
with 10 per cent, solution of sodium hydroxide, after which the 
washing is continued with water, dilute hydrochloric acid, and finally 
with water. 

In the presence of titanium minerals apd when the concentrate is 
somewhat low grade, lo g. is treated with 7 c.c. of water in order to 
moisten the material, then 1 5 c.c. of sulphuric acid added, the whole 
well shaken and allowed to digest on a hot plate. On the evolution of 
sulphuric acid fumes the beaker is removed from the plate and .allowed 
to cool. When cold, 30 c.c. hydrochloric acid and 10 c.c! nitric acid are 
added, the contents well shaken, the beaker returned to the hot plate 
and its contents allowed to digest until impurities are in solution. The 
• beaker is then removed, allowed to coot; 50 c.c. water added, the residue 
allowed to settle, the solution filtered through double papers and the 
residue washc"ci and ^ried. 

I. The Assay by fusion with Potassium Cyanicte. — About S g- of 
potassium cyanide (98 per cqn|.) broken up into coarse lumps is placed 
in the bottom of a clay crucible 12 to 15 cm. high, 10 g. of the ore, 
^ tfie total residue from the preliminary ‘^loaning, intimately mixed 
with 30 g. of potassium cyanide, thoa introduced, a covering;., of 5 g. 
*of potassiurq cyanide added oi^ th^ ^top, and ^^he crucible placed in 
a moderately hot fire. The ^e is .kept hot as possible during the 
short duration* of the assay (fifteen to tyenty-five minutes) without 
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allowing the potassium cyanide to boil. ’The crucible is then removed 
from the fire, its contents poured into a warmed mould, the slag 
washed away by water, and the button of metal weighed. 

In place of the above charge the following is sometimes 
employed : — lO g. of ore, 20 g. potassium cyanide, and 3 g. of 
charcoaf. 

The •button olJtained is naturally not absolutely pure; it always 
contains small quantities of iron, etc. Any gold in the ore goes com- 
pletely into the button of tin, as was shown by Pufahl by dissolving 
the flattened or rolled tin in hydrochloric acid the gold remains as a 
brown powder. 

2. The Cornish Assay . — As this method is only suitable for con- 
centrates it is ijeccssary to carry out a preliminary concentration of 
ores followed by acid cleaning. 

For the assay 100 g. of concentrojLc in a fine state of division is 
mixed with 15 to 20 g. powdered anthracite and charged into a 
previously annealed plumbago crucible of suitable size. The charged 
crucible is placed in a moderately hot wind furnace and heated to 
bright redness (1000'’) for about thirty minutes. When the charge has 
settled down the crucible is gently shaken, removed from the fire, and 
the charge is poured into a mould. The lump of tin is removed and 
the remainder is pounded in an iron mortar, the larger tin-prills which 
have been flattened removed by the aid of a 30-mesh sieve, the fines 
re-ground and a further quantity of tin recovered by the use of a 
60-mesh sieve. The very fine metallic tin left in the material passing 
the latter sieve is recovered by washing iii a large porcelain dish, 
dried, added to the prills *and the main button and weighed. 

II. — \Vi:t Assay oi’ Ores, etc. 

'm • 

Owing to die refractory nature of tin-stone, thef first .step in the wet 
assay of ores, etc., consists of an operation b^ which the tin is rendered 
soluble in^cids. 

A method suitable for practically all ores consists in cleaning the , 
material and then reducing the tin to the metallic state by strong 
ignition in a porcelain or silica tube in a current of hydrogen or coal 
gas,” dissolving the reduced metal in hydrochlortc*acitl and (fetermining 
the tin^ravimetrically or volumctrically, ^ , 

A method specially suitable'for ore*(sontaining tungsten and recom- 
mended by Donath and MuUncr^ for*the separatton of tin oxide fro^ 

^ u, Hutlcn. 1886, 45, 17*. Cf. B.yinisler, Trans. Insty Mw. and Met. 1905-6, 

15, 513. “ Cf. TeM~hook 0/ C.^ind J. J. Beringer, 15th ecJiUoii, 1921, p. 283* 

^ Monalsh.y 1888, *8, 647. J, C/iejn, Boc. ^888^ 54, 531. C/\ also T. ^toofe, C/iem, 

NewSy 1893, 67, 267. • • • ' • 

II, 
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tungstic acid, consists in mixing the material with zinc dust or zinc 
6Iings and strongly igniting in a covered porcelain crucible for fifteen 
minutes. The product is treated with dilute hydrochloric acid and 
boiled until evolution of hydrogen ceases, and then treated with 
potassium chlorate until the blue tungstic oxide is oxidised to 
tungstic acid. Water is added to the solution, which is filtered after i 
twenty-four hours; the filtrate contains the tin. 

Beringcr^ has modified the method of Donath and Milliner by 
using a mixture of zinc oxide and metallic zinc for the reduction of 
the tin. The quantity of material taken for the assay varies with its 
nature, 0-25 or 05 g. being sufficient in the case of concentrates, whereas j 
2*5 to 5 g. is necessary for ores and 5 to 10 g. for tailings. A little zinc 
oxide is placed in the bottom of a porcelain crucible and about 4 g. of 
sheet zinc cut into small pieces is placed on this; the weighed charge 
of ore is mixed with a little zinc oxide and placed in the crucible. 
The total amount of zinc oxide should be about 2 g. The crucible is 
covered with a lid and heated to about 900" in a Bunsen furnace or 
muffle. After allowing to cool, the contents of the crucible are dis- 
solved in hydrochloric acid and the solution used for the determination 
of tin. 

Hutchin^ has modified Beringer’s method by substituting lime or 
calcium carbonate for the mixture of zinc oxide and zinc. The pro- 
portion of lime suggested is 1*5 g. for i g. of concentrate and 2 g. for 
2-25 g. of somewhat low grade ore ; more may be used if it is necessary. 
In carrying out this method too high a temperature must be avoided, 
and as the products of combustion of a gas flame are necessary for the 
reactions by which calcium stannate is formed, an alundum crucible, 
heated over a Techlu burner, is recommended. The reactions are 
complete in about fifteen to twenty minutes and, after cfxfling, the charge 
is removed from the crucible, dissolved in hydrochlchric acid, and the 
solution further trefated for the determination of the tin. 

The Pearce- Low ^ method, which is largely used Tor tin ores and 
slags, consists in fusing the finely ground material with abou^c ten times 
its weight of sodium hydroxide in an ii>jn crucible, pouring the molten 
mass into a clean nickel crucible, from which it is easily detached, 
taking up withVater, acidifying with hydrochloric acid and determining 
the tin in t^ie soluVion. ^ • 

J, Dar^och and C. Meiklejojin^ use the* following method for all tin 

ores, slags, etc. : — Half a gram of thd material is fused in a nickel 

• • • 

^ Text^hook of As^aying^ 15th edition, 1921, p. 2^5* , 

2 Trans, Inst, Min, and Met. ^ I9l4t 23, §269, 

A* n. ^^TcJinkal Methods ^fOre - kWri/f, I'Jth edition, I^II, 246. 

* Cf.C, A. Burghardi, ( 6t, 260 ; S. Simpson, fl^d.^ 1 909, 99, 243. 

^ aW l^ro6, 81, 1177.; * 



GRAVIMETRIC DETERMINATION OF TIN 


259 


crucible with 3 to lO g. of sodium peroxide. The fused mass is taken 
up with boiling water, acidified with hydrochloric acid, and the tin is 
determined in the solution. 

Analytical methods for tin-stone and tin-pyrites are described by 
Fresenius.^ Tin-stone may be treated by fusion with sodium carbonate 
» and sulf>hur (H. Rose’s method) but it is advisable to attack tin pyrites 
with aqua regia. ^ 

A.— Gravimetric Determination of Tin 

I. Stannic Oxide Method. 

On treating metallic tin with nitric acid, metastannic acid is formed 
and this rcactio^j forms the basis of one of the methods largely used for 
the determination of small quantities of tin in alloys, etc. 

In the absence of antimony and in«5oluble matter, the material may 
be decomposed with dilute nitric acid (sp. gr. 1-2), taken down nearly 
to dryness, diluted with hot water, filtered off preferably through a pulp 
filter, washed with 5 per cent, nitric acid, ignited strongly and weighed 
as Sn02. 

In solutions containing tin in the quadrivalent form, hydrated 
• stannic oxide may be precipitated by means of an excess of ammonia, 
l^ut solutions containing bivalent tin must be treated with hydrogen 
peroxide and then with ammonia to obtain a similar precipitate. The 
solution is then digested for some time to allow collection of the 
precipitate which is then filtered, washed, djied, ignited and weighed 
as SnOg. Alkaline stannate solutions must be acidified with hydro- 
chloric acid before adding ammonia and all metals precipitated by the 
latter reagent must be absent, together with oxalates, tartrates, etc., 
SnOoX 07 S 77 = Sn. 

2. Stannic Sulphide Method, • 

In the absence of other metals precipitated by sulphuretted 
hydrogen, •this method is somejtimes used. For its success the tin 
must be in the quadrivalent fwm and the solution must be free from • 
nitric acid and other oxidising agents. 

The solution should contain about 3-5 per cent, hydrochloric acid, 
a rapid stream t>( sulphuretted hydrogen parsed *and tfie solution 
slowly heated to 90''. Thc*prccip»tat<^#^hich should settle#and filter 
readily, is filtered, washed wfth ammonium nitrate solution, dried, 
separated from the filtcr^paper ancf the lay:er *burnt separatelj^, tli^e 
residue theref^on^ being n:¥:)ist;pned with nitric aci4 and re-ignitea. 
The main prhcipitatq is then ajjdcd^nd the whole igryted, at first? 
gently and theg at a full red liej^t, *co jlcd, ^nd weighed aS SiiOg. 

^ Quantiiative 7th edftion, vol, ii., pp. 42^^42^. 
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3. Electrol3rtic Method.^ 

M. Heidenreich deposits the tin from a hot oxalate solution, 
acidified with oxalic acid, in a coppered Classen dish, and obtains in 
four to four and a half hours an adhesive deposit of silvery metal. 
To the solution (about 150 c.c.), containing about 0 3 g. ofj.in, 4 g. 
of ammonium oxalate is added, the solution acidified with 9 to 
JO g. of oxalic acid, warmed to 60'’ to 65", and electrolysed with a 
current of i to 1-5 ampere per 100 sq. cm. of cathode surface. The 
washing must be done without breaking the circuit. The dish is rjnsed 
with water and alcohol, and dried at So"" to 90''. j 

In connection with the revision of the atomic weight of tin 
G. P. Baxter and H. W. Starkweather ^ used an electro])’tic method 
for the exact determination of tin in stannic chloride. The solution* 
was electrolysed in a glass vessel with platinum anode and cathode,, 
the latter being covered with a layer of mercury and the amalgam 
obtained was dried and weighed. 


B, Volumetric Determination of Tin 

Volumetric methods for the determination of tin are very largely 
used as they can be carried out much more rapidly than the gravimetric 
methods, and yet, with careful work, are capable of giving very good 
results. The following are the methods most often used : — 

1. Titration of stannous chloride with iodine in acid solution. 

2. Titration of stannous chloride with ferric chloride solution. 

I. The Iodine Method in Acid Solution/^ 

This method is suitable for the analysis of white-metal alloys 
and also for the determination of tin in the solutions obtained from 
the treatment of the results of fusion of ores, slags, residues, etc., 
with sodium hydroxide, sodium peroxide, etc., the tin being readily 
determined by reducing the hot solution of the chloride, cooling in an 
’ atmosphere of carbon dioxide, and titrating the cold solution with 
iodine in the j^resence of starch. The solution may be conveniently 
reduced b^ means ^f iron’^ or nickel.'" If antimony, arsenic, or 

^ Cf. QfiCiittitaiive Analysis ly Eh'UrQl\'sis^ Ak Classen* translated by H. Boltv^ood, j). 212 ; 
Electro- Analysis, E. F. Smith, p. 95; ^f^denreichjfi&V., 1895, 28, 15S0 ; /. Soc* them. Ind.^ 
J896, JS 744; C. Engeh, der ., 1895, 28, ^187 ; y. . Soc . Clmn . Iwi ,, 1896, 15, 219. 

^ /. Amer. Chem, Soc., 1920, 4c, 905. * , 

3 S. W. Younf^y. Chem. Soc.y 1897, 19,«8©9yy, Chem. Sor. Aostr,, 1898, 74, 19a; 

J. D. F. Druce, Chem. A'ews, 1920, I2Z, I7§. 

* Pajry, 4 ^s?af of Tin and A n/im^ny^ I9of, p. 231 

® Beringer, Text~book of Asshyingy #<5 th^ edition, 1906, p, 288; cf. R. L. Hallelt, J* Soc, 
Chem ^ Tnd,, 1916, 35, 1087. * 
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copper are present, they will be precipitated, and will not interfere 
under the conditions of the assay. A modification of the method 
consists in reducing the stannic chloride with finely divided metallic 
antimony.^ The reduction of 0-15 g, of tin is complete after one 
minute’.^ boiling, and the excess of antimony which remains un- 
dissolved acts as^^a safeguard during the cooling, since it reduces 
any tin* which may have become oxidised whilst the solution is 
still hot. Cold solutions of stannous chloride oxidise less readily. 
The^ presence of iron, chromium, nickel, cobalt, zinc, manganese, 
aluminium, bismuth, phosphorus, and sulphur is without effect on 
the resuits. Copper is reduced to cuprous chloride, and if the iodine 
is added in drops to the vigorously agitated solution, so as to prevent 
the formation eflf a local excess of iodine, accurate results may be 
obtained. Lead is without effect if sufficient hydrochloric is present 
to prevent the formation of lead iodide. Mercury is reduced to the 
metallic state, but is not oxidised in cold solutions. If molybdenum 
or tungsten is present, a coloured lower oxide is formed, which 
interferes with the end reaction ; these metals should, therefore, be 
separated. Arsenic interferes seriously if more than one part in two 
hundred parts of tin is present. 

The following method is adopted when the reduction is effected 
with antimony. One gram of the alloy is dissolved in hydrochloric 
acid with addition of potassium chlorate, the chlorine boiled off, and 
the solution diluted to 100 c.c. An aliquot portion of the solution, 
which contains about 0-15 g. tin, is measured out and run into a fla.sk; 
this is diluted to about 150 c.c. with water containing one-fifth of its 
volume of hydrochloric acid, heated, a little finely powdered antimony 
added, and the whole boiled. The flask may be fitted with a rubber 
cork and leading tube. After boiling for a minute or two, the solution 
is cool(?d, starch added, and the liquid titrated with,the standard iodine 
solution. , * 

The reduction by means of iron (Parry) is carried out as follows: — 
Plalf to one gram of the finely divided alloy is dissolved in hydro- 
chloric acid with the addition of potassium chlorate to aid solution ; 
after dilution, the chlorine is boiled off and a clean piecg of iron rod is 
placed in the solution, resting against the side tli^ beak^^r, which is 
covered^ with a watch-glass.. The whole is heated to 80'' to 90^^ for 
twenty to thirty minutes afteir the solution has become colourless. 
The solution is cooled, and when cqld the watcih-glass and Iroui rod 
are washed rajjidly with a’ little cold, boiled •water, starch added, an’ii 
the sokition titrated rapidly *^ith iodine. It is liot necessary to^ 
remove the precipitate of antimp^y, ^rsenio, and copper. • The volume 
of the solution should not «»ceed Jo the ‘quantity *of hydrochloric 

^ • 

^ Ibbotson and Brearly, CAe^n. A'ews, 1901, 84, 167. 
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acid being about one-fifth of the total volume, and the amount of tin 
present not more than o*5 g. 

Metallic nickeP is largely used for reducing the stannic chloride 
solution, nickel foil in strips about 20 cm. long and 5 cm. wide being 
coiled upon itself to form a cylinder. The prepared coils ^re con- 
veniently inserted in the solution to be reduced by tljireading on a glass 
rod on the end of which a knob has been pressed ; by this means the 
coils can be withdrawn readily at the proper time. The nickel coil 
should be inserted into the solution when the latter is just on The 
point of boiling and left in for about thirty minutes after the solution 
becomes colourless. Coils which appear to be passive may generally 
be improved by boiling for a short period in hydrochloric acid. 

The iodine solution is made by dis.solving 1 1 g. of iodine and 
22 g. of pure potassium iodide in a little water, and diluting to 
I litre. 

The iodine solution may be standardised with pure tin or A.s^O^; 
the latter gives less reliable results than the former. 


2. The Ferric Chloride Method. 

When ferric chloride is added to a concentrated, hot hydrochloric 
acid solution of stannous chloride, it is immediately reduced to ferrous 
chloride, stannic chloride being produced at the same time. One 
drop in excess of the ferric chloride serves to indicate the end-point 
by giving a decided yellow colour to the previously colourless 
solution, the colour being more marked the hotter and the more 
strongly acid the solution remains. The presence of chlorides of 
lead, zinc, aluminium, ferrous iron, cobalt, nickel, antimony (antimonic), 
copper (cuprous), and cadmium, docs not interfere vdth the process. 
Large quantities of cobalt chloride and nickel chloride give highly 
coloured solutions which render the recognition of the end-point 
difficult, but this may be overcome to some extent by diluting the 
^ solution with hot water. Bismuth chloride and mercuric chloride 
are reduced to metal by stannous chloride, and must, therefore, be 
removed by Separation with iron. Precipitated antimony, copper, 
arsenic, arid the blue oxide of tungsten are attacked by the hot acid 
solution of ferric chloride, and must not be present ; titanium must 
also be absent. * 

.. The standard solution, which' must be,'^rec from nitric acid and 
Arsenic, is made up either from pure , iron or by dissolving 150 g, of 
.ferric chloride in water, adding 500 tq 500 c.c. of hydrochloric acid, and 
dilutiitg t6 2 litres. It is Standardised by dissolving^! g. of pure tin 

t ^ t 

^ 6 f, R. H. Hallett,/. Soc, Chem. 1916, 35, 1087. 
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in 200 c.c. of concentrated hydrochloric acid in a 250 c.c, flask fitted 
with a rubber cork and bent glass tube leading into water, to prevent 
oxidation. This is boiled until solution is complete and the solution 
titrated at once. 

With alloys containing tin, lead, zinc, aluminium, iron, cobalt, and 
nickel, which ar^ soluble in hydrochloric acid, but not containing 
antimony, arsenic, and copper, the determination is carried out as 
follows: — One gram of the finely divided alloy is weighed into a 
250 c.c. flask fitted with a rubber cork and leading tube, 180 c.c. of 
pure hydrochloric acid added, and the flask heated on a sand-bath 
but not boiled too rapidly, or the acid becomes too dilute before it has 
had time to attack the metal thoroughly; nor should it come to the 
boil too slowly, •as in this case the metal may be completely attacked 
whilst there is still air in the flask, with the formation of stannic 
chloride. When solution is complete, the resulting liquid is titrated 
directly with the ferric chloride solution. 

With alloys containing tin, lead, antimony, and but little copper 
and arsenic, i g. of the finely divided alloy is boiled with 50 to 75 c.c. 
of hydrochloric acid until action ceases ; solution is completed by the 
cautious addition of a saturated solution of potassium chlorate. The 
excess of chlorine is boiled off and the solution reduced by the addition 
dof piano wire. The action in the hot solution is rapid — arsenic, antimony, 
and copper being precipitated ; one minute after the solution turns 
colourless, a thin st^-ip of copper foil is added. When a freshly added 
strip of copper remains bright for one or two minutes, the solution is 
diluted with 50 to 60 c.c. 0/ hot, boiled water and filtered rapidly into 
another flask, the precipitate being kept as far as possible out of contact 
with the air. The flask and paper arc washed once with hot dilute 
hydrochloric acid. Excess of strip zinc is added to the solution to 
precipitate the Tin, and when all action has ceased, a little of the 
liquid is poured into a beaker containing sulphuretted hydrogen. water ; 
a white precipitate indicates that all the tin is precipitated. The solu- 
tion is poured off from the prej:ipitated tin as completely as possible 
after any floating particles have been allowed to settle, and the* 
remaining metal is dissolved in t8o c.c. of hydrochloric acid in a 
flask as before ; the resulting solution is then J;itrate^. 

This method maybe used for the determination*of tin in solutions 
obtained from any material, by^first se^!yating the metals precipitated 
by sulphuretted hydrogen in a hydrochloric acid solution, dissolving 
the precipitate in hydrochloric acief with the additioii of pota'ssiu*^^ 
chlorate, and tf eating the solution as above with iron •wire and metallic 
zinc. 
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III. — Analysis of Commercial Tin, Alloys, etc. 

I. Analysis of Tin. 

Determinatmi of Tin , — The tin present may be determined direct 
by the careful application of the iodine method given on p. 260.' 

Determination 0/ Arsenic, — Ten grams of the met^l, in small pieces, 
is dissolved in 50 c.c. of ordinary hydrochloric acid with the addition of 
a little potassium chlorate, the solution cooled, one-third of its volume 
of fuming hydrochloric acid added, and sulphuretted hydrogen paf^sed 
in for a long time. The arsenic sulphide is filtered off on an asbestos 
filter, and washed first with hydrochloric acid, then with boiled water. 
It is dissolved in ammonia, the solution evaporated in a porcelain dish, 
the residue dissolved in strong nitric acid, and the arsenic precipitated 
in a beaker by magnesia mixture, ammonia, and alcohol as ammonium 
magnesium arsenate. This is weighed either as pyroarsenati^ or con- 
verted into silver arsenate {cf Arsenic, pp. 274 et setj.). 

For the determination of arsenic in tin, it is usual to distil as 
arsenious chloride and to titrate the distillate with iodine solution 
(cf Arsenic in Copper, pp. 265 ct se^/,). 

B. S. Evans ^ converts the arsenic to hydrogen arsenide in the usual 
way by the Marsh test, but passes the gas over a roll of red hot copper 
which retains the arsenic ; the increase in the weight of the copper gives 
the amount of arsenic. The results obtained, however, arc uniformly 
low to the extent of i -4 per cent. 

Determination of Lead, Copper, and I roji . — Ten grams of the metal is 
dissolved in the smallest possible quantity orhydrochloric acid with the 
addition of a few crystals of potassium chlorate. Thirty grams of 
tartaric acid (specially tested for lead) is then added as ammonium 
tartrate, the solution cooled, saturated with ammonia, sulphjyetted 
hydrogen water added, drop by drop, till no more precipitate is formed, 
and after gently warming* on the water bath, the suljthides of copper, 
lead, and iron filtered off The sulphides, after washing Mvith very 
.dilute sulphuretted hydrogen water, slightly acidified with sulphuric 
acid, are dissolved in hot nitric acid, the solution transferred to a 
porcelain dish, ihe filter ash added, evaporated on the v\ at*cr bath with 
a slight extess of* sulp 4 iuric acid, the residue heated* on a sand bath 
till fum?s^ of sulphuric acid l:)egin» to b6 evolved, allowed to cool, 
taken up with a little water, ^^nd the"* lead sulphatej which usually 
CMtams a trace of till, filtered off After j»^eighing the impure lead 
sulphate, it is •extracted \>y warming jvjtl) a solution lof ammonium 
.acetate, the ^lead again precipitated ^ by sulphuretted liydrogeh and 
converted into pure lead sulphate.* In'ftie acid filtrate from the impure 

• • t • 

« « • 

^ Analyst , 1920, 45,^8. 
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lead sulphate, the copper is precipitated by sulphuretted hydrogen, and 
in the filtrate from the copper the iron is finally precipitated by oxidation 
with bromine water, and warming with excess of ammonia. 

Commercial tin fairly frequently contains antimony, and is then 
analysed volumetrically like white-metal (see below). 

2. Tin in Tinplate Residues 

is determined by the methods either of Lunge and Marmier or Mastbaum, 
• described under Iron (p. 84). 


3. Tin Alloys. 

White-metals (antifriction metals), britannia metal, solders and 
similar alloys of tin with antimony, lead, and copper. 

(n) The individual metals present* are frequently determined on 
separate weighings,^ volumetric methods being used when available. 
The following are the details for the determination of tin : — From 
O’ 5 to I g. of the finely divided sample is dissolved in strong hydro- 
chloric acid, if necessary with the aid of a few crystals of potassium 
chlorate. After solution is complete, water is added and the stannic 
chloride solution thus obtained is reduced by means of iron or nickel, 
cooled in a current of carbon dioxide and titrated with standard iodine 
solution in the presence of starch (c/ p. 260). 

W. B. Vietz**^ describes a method for the determination of copper, 
tin, and antimony on one weighing. The sample is dissolved in strong 
sulphuric acid, and the copper determined colorimetrically, the solution 
is diluted, 10 c.c. hydrochloric acid added, and antimony determined by 
titration with permanganate, after which i g. of powdered antimony and 
25 to 50 c.c. hydrochloric acid arc added, the tin reduced by boiling for 
a few iTliinutcs^in a current of carbon dioxide, the solution then cooled 
and titrated witl\ iodine in the presence of stj^rch. 

A rapid method for the determination of arsenic, antimony and tin 
somewhat similar to the above is»givcn by F. A. Stief.-*^ In this method 
0*5 g. of the sample is dissolved in 8 c.c. concentrated sulphuric acid, the * 
solution cooled, diluted slightly, a little pumice stone, and then 20 c.c. 
hydrochloric acid^added and distilled at T07"' for^ten to fiftcfn minutes. 
The distillate is condensed, in a special S-shaped condenser, and is 
used for the determination of^arscnic^iy titration with iocfiife. The 
main solution is used for the determination pf antimony and tin 
as above. 

If iistillatjon is conduefeef ^t a somewhat higher temperature in 

^ Cf, E. W. Hagmaier,^?/tfw. 9m/ Met.^Eng.^ 1917) 16 ) 

3 Ind, Eng, C/infm, 19JS1 7* 2II. 
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order to ensure that all the arsenic is driven over, the distillate is liable 
to be contaminated with antimony; titration with bromate should then 
be used. The first titration gives arsenic plus antimony, after which 
the solution is boiled down in the presence of sodium sulphite and 
titrated a second time, giving antimony only which is deducted from 
the gross arsenic value {rf, p. 238). 

{b) When a complete separation and examination is desired on one 
weighing, the following method may be used : — One gram of the finely 
divided metal is dissolved, without heating, in 15 c.c. of fuming hydro- , 
chloric acid with the addition of strong nitric acid (sp. gr. 1*4), drop by 
drop. Alloys containing 80 per cent, and over of lead are treated with 
aqua regia (prepared from dilute acids, 30 c.c. for i g. of metal) in 
the form of very fine turnings and gently warmed for a long time on 
the water bath. Nitric acid is then added until the solution becomes 
distinctly yellow, or if copper i?; present until the colour is yellowish 
green ; aqua regia, previously warmed until chlorine begins to be 
evolved, is also suitable for dissolving the alloy. To the solution so 
obtained, ten times its volume of absolute alcohol is added in small 
quantities at a time, thereby precipitating lead chloride in large, easily 
filtered crystals ; only about i mg. of lead remains in solution as chloride. 
The lead chloride is then washed carefully with alcohol, and as little as 
possible brought on to the filter paper. After drying, the lead chloride 
is shaken into a large weighed crucible, any adhering to the glass washed 
with hot water into the crucible, the filter paper washed with hot water, 
the combined solutions evaporated on the water bath, the residue dried 
in the air bath at 150' for three hours, and, the lead chloride weighed. 
PbClgX 07450 -Pb. 

The alcohol in the filtrate from the lead chloride is driven off by 
evaporation, i g. of tartaric acid as ammonium tartrate added, the 
solution made distinctly ammoniacal, sulphuretted ‘h}’drogeir w^ater 
added, in small quantities until no further prccijiitatc is formed, when 
warming on the water *bath causes the precipitate (consisting of 
sulphides of copper, bismuth and mcr,cury, and traces of sulphides of 
< lead and iron) to coalesce. This precipitate is filtered off, washed with 
sulphuretted hydrogen water ; hot dilute nitric acid is poured over the 
filter paper ancf thecopjDer and bismuth determined in the solution thus 
obtained. This is earned out by evaporating to a small bulk, diluting 
with wate^r, adding ammonia i^atil n'eutralisation is complete, rendering 
faintly acid with hydrochloric^ acid and digesting for about one hour. 
The whole of the bismuth is then precipitateH as oxychloride and may 
De filtered off and weighed as such p. 247). The'eopper ,is then 
‘^‘determined in the filtrate by orfq of ^l^e usual methods.' The residue 
from fhe freatment of the miyed si:lphid(?, precipitate- with nitric acid 
contains the mercu,**y (if present) as .sulphide, and this is dissolved in 
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aqua regia and precipitated as mercurous chloride by the addition of 
phosphorous acid. It is filtered on to a weighed filter paper, dried, and 
weighed as mercurous chloride, Hg^^CL X 0-8493 = Hg* 

After acidifying the filtrate from copper, bismuth, etc., with 
hydrochloric acid, tin and antimony are precipitated as sulphides 
by sulphuretted Iwdrogen. 

The^ixture of tin and antimony sulphides is dissolved in hydro- 
chloric acid and potassium chlorate, the solution transferred to a 
porcelain dish, diluted with a little water and the antimony precipitated 
by T ookey’s method, which consists of digesting on a water bath with pure 
iron. (The preparation of pure iron for this purpose is as follows : — A 
dilute solution of ferrous chloride is precipitated with oxalic acid, the 
yellow oxalate •completely washed by decantation with water, dried, 
converted into ferric oxide by ignition in a muffle and then reduced 
by heating strongly in a porcelain tube in a current of pure hydrogen. 
The spongy iron so obtained is specially suitable for the separation of 
antimony from tin.) If perfectly pure iron is not obtainable, iron or 
steel turnings free from copper, or piano wire may be used. The 
precipitation is complete in about thirty minutes, after which the 
solution is further warmed until only a little iron is left undissolved, 
the antimony filtered off on to a paper on which a few centigrams of 
•iron are placed and then washed with boiled water strongly acidified 
with hydrochloric acid. The antimony, associated with iron, is dissolved 
in hydrochloric acjd and a little potassium chlorate, the solution is 
diluted and boiled, and the antimony reprecipitated by sulphuretted 
hydrogen. The antimony sulphide, which always contains some 
chloride, is dissolved in ammonium sulphide, reprecipitated by 
warming with dilute sulphuric acid or acetic acid, w^ashed off the 
filter paper into a dish, and evaporated to dryness on the water 
bath, m The afitimony sulphide adhering to the filter paper is 
dissolved off in ammonium sulphide, the solufion allowed ^to run 
into the dish, again evaporated, the dish*removed from the water 
bath, covered with a clock g4.ss, and fuming nitric acid run on to 
the residue from a pipette. •The antimony sulphide is immediately* 
oxidised without separation of sulphur, and after warming for a 
short time the contents of the dish are washed witB a little water 
into a weighed* porcelain crucible, evaporated, fhe sulphuric acid 
driven* off on a sand bath, the rtfsidttei»^strongIy ignited aikd*w'eighed 
as oxide. Sb.^64 x 0-7920 = SbT 

The filtrate from the^metallic antimony js nearly neutralised with 
ammqpia, diliheci, and the -tin •precipitated by passing in sulphuretted 
hydrogen. T'he dark brown ^^annefus sulphidfe is then filtered ofif^ 
washed with dilute sulphj^rettld^ hydjjpgen. water containing* a few 
grams of ammonium sulpfiate, drieef and converterl iBto stannic oxide 
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by ignition in a porcelain crucible. After igniting for some time, a 
small piece of ammonium carbonate is added to the crucible, the lid 
replaced and the whole again ignited strongly in order to obtain the 
stannic oxide free from sulphuric acid. SnO^x 0-7877 = 50. 

In these alloys, arsenic (from the commercial antimony) is g:enerally 
found only in traces. If it is to be determined, a separate sample of 
several grams is dissolved in hydrochloric acid and potassium dhlorate, 
any separated lead chloride filtered off, strong hydrochloric acid added, 
sulphuretted hydrogen passed in, and the copper sulphide, together 
with arsenic sulphide as impurity, filtered through an asbestos filter. 
After washing with hot water, the small amount of arsenic sulphide is 
dissolved out with hot ammonia, the solution evaporated in a porcelain 
dish, oxidised with strong nitric acid, and the arsenic precipitated as 
ammonium magnesium arsenate. The trace of copper which is dissolved 
remains unprecipitated in the ammoniacal solution. 

(c') Alloys containing less than ly />er cent, of Lead and Copper , — 
One g. of the alloy rich in tin is dissolved in hydrochloric acid and 
potassium chlorate, 13 g. of tartaric acid as ammonium tartrate added, 
the diluted solution saturated with ammonia, and the copper and lead 
then precipitated by careful addition of sulphuretted hydrogen water; 
the further treatment of the precipitate is carried out as described 
on p. 264. Iron and possibly zinc are found in the precipitate. Tin 
and antimony are precipitated in the filtrate by acidifying with hydro- 
chloric acid and passing sulphuretted ]i}’drogen, and are separated by 
means of iron, etc., as given above. 

{d) Alloys free from Lead (H. Nissenson and F. Crotogino^). — 
Half a gram of the alloy, as finely divided as possible, is placed in an 
Erlenmeyer flask of 200 to 300 c.c. capacity, about 7 c.c. of concentrated 
sulphuric acid poured on and heated, till the evolution of gas ceases 
and the alloy is dissolved, which takes but a few minutes. The solution 
is cooled and carefully diluted with hot water, and the yellow precipitate, 
which forms immediately, Allowed to settle wdiilst hot. This contains 
both tin and antimony, the latter as an antimonious salt. On bxidation, 
tpreferably by means of ammonium persulphate, the precipitate is 
rendered more easy to filter, but even without, this it ia still easier 
to deal with than when oxidised by means of nitric acid. After 
washing, wliich may be*neglccted if other metals are "not present, the 
paper and .precipitate are ignityl^anc* the mlixture of tin and antimony 
oxides weighed after strong i^ition. ''ihe filtrate is tested for iron 
cadmi&m, zinc, etc. , 

** A second sample of 0 5 g. is dissolred in sulphuric acid, cooled, 
Q little hot vv^ater added, then i^^c.c^o^f dilute Iiydrochloric acid, and 
the anfimo'ny precipitated wfth|jron wire; tlie precipitation is complete 

^ Chem, ZPiUt 1902, 26, 984 ; J, Soc, Chem. hid,^ 1Q02, 21, 1350. 
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in a very short time. The separated antimony and copper is dis- 
solved in hydrochloric acid and a few drops of nitric acid, precipitated 
with sulphuretted hydrogen, and the antimony sulphide dissolved in 
sodium sulphide and the solution electrolysed. The sulphides remain- 
ing undissolved may then be dissolved in nitric acid and tested for 
copper, bismuth, ^tc. 

(e) Alloys containing Lead (H. Nissenson and F. Crotogino^). — If 
only tin and lead are to be determined, the alloy is treated by warming 
on the sand-bath or over a free flame with concentrated sulphuric 
acid, which acts the more easily the higher the content of tin and 
antimony and the smaller the amount of copper present, the contents 
of the flask cooled, treated with some hot water and a considerable 
quantity of ammonium oxalate, allowed to cool slowly, and the pre- 
cipitate of lead sulphate filtered off. The tin is determined in the 
filtrate by electrolysing the hot solutfon diluted to i8o c.c. 

The extermination of lead in alloys containing tin and antimony 
offers many difficulties and the following method is given by 
A. G. Blakeley and E. M. Chance ^ with a view of eliminating them. 
The solution of the alloy in hydrochloric acid to which potassium 
chlorate has been added, is evaporated to a pasty consistency, then 
water and tartaric acid are added, followed by sodium hydroxide and 
sodium hydrosulphide. The precipitate is filtered off, washed and 
dissolved in nitric acid, sulphuric acid added and the solution 
evaporated to fumes. After cooling, powdered permanganate is 
added and the flask and contents re-heated. The whole is again 
cooled, water added, the solution boiled and sulphurous acid added 
until the pink permanganate colour is discharged. The solution is 
cooled again, after which alcohol is added and the lead sulphate filtered 
off, washed with dilute sulphuric acid and either weighed or determined 
volum^Jkrically after solution in ammonium acetate^ 

The following method is used with coysiderablc success in the 
Department of Metallurgy, Sir John Cass Technical Institute, 
London : — Antimony is determined volumetrically by the bromate 
or permanganate method, the solution from the former being reserved * 
for a copper determination. Tin is also determined volumetrically by 
the iodine method, a separate sample being use^.* '^he determination 
of arsenic is made in accordsyice with the distillation method previously 
described (p. 20^. In the detejmiflaticiiliof lead, iron, zinc aticP copper, 
0*5 g. of the alloy is transferred to a^befeker, 10 g. of tartaric acid and 
15 c.c. of water added, flie whole is warmed, and wh^n the acid is 
dissolved, the a^loy is dissolved •by means of dilute nhric acid (1 to i), 
a few drops teing added at a^ ^ime^ unti^ the total added^is jto c.c.^ 
During this sta^e the solution is' kepti nearly at boiling point. A 
^ Loc. ciU ^ Soc. Chem, 19^1, 30, 518. 
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solution of dilute sulphuric acid is now prepared by adding 5 c.c. of 
concentrated acid to 30 c.c. water and this is poured into the lead 
nitrate solution. After cooling to room temperature, lead sulphate is 
filtered off and determined gravimetrically or volumetrically by titration 
with ammonium molybdate solution. The filtrate and washings from 
the lead sulphate precipitate, after nearly neutralising with sodium 
hydroxide solution, are run in rapid drops from a separating fuhnel into 
a hot solution of sodium hydroxide (20 g. in 300 c.c. water), after 
which, iron, zinc, and copper are precipitated by the passage of 
sulphuretted hydrogen through the alkaline solution. After filtering 
off and washing, the mixed sulphide precipitate is dissolved in nitric 
acid, the solution evaporated to fumes after the addition of a small 
quantity of sulphuric acid and eventually copper is » precipitated by 
means of sulphuretted hydrogen. The filtrate and washings from the 
copper sulphide precipitate are treated in the usual way for separation 
and determination of iron and zinc. 

4. Phosphor-Tin. 

This alloy usually contains 4 to 5 per cent, of phosphorus (occa- 
sionally up to 10 per cent.) and comes into commerce in dark grey 
blocks which show a crystalline fracture; it is used in the manufacture 
of phosphor-bronze. 

For the analysis, 0-5 g. of fine borings are covered in a large beaker 
with 15 c.c. of fuming hydrochloric acid in which a large quantity of 
potassium chlorate has been dissolved by shaking in the cold. 
The contents of the beaker are swirled round, and, after addition 
of some more solid potassium chlorate, gently warmed, diluted to 
200 C.C., all the tin precipitated as sulphide by passing in sulphuretted 
hydrogen for a loijg time, the beaker placed on a water ba<.h (95"' 
to io©°) for half an hoty-, the tin sulphide filtered off and washed 
with very dilute sulphuretted hydrogen water, to which ammonium 
acetate and acetic acid are added. .The dried sulphide Is removed 
as completely as possible from the [Japer, the paper ignited in a 
weighed porcelain crucible, the sulphide added, heated with a 
small flarie, th(jn •njore strongly, and finally ignited, after the 
addition of a small piece of ammoniujm carbonate. The stannic 
oxide 5 o •‘obtained is weighqp# The^filtrate is evaporated down to 
abouj: 30 c.c., and a^ter the iddhion of magnesia mixture, saturated 
jvith ammonij. After six hours the ammoh^um magnesium phosphate 
is filtered off, w^ashed with dilute amitibnta (i : 2), dried and removed 
*from the jiltor paper; the ^ortfe^ tl^ remains* adhering to the paper 
is dissolved off in warm, diiiatc ititric add, ^ the solution evaporated 
in a weighed porcelain Cirucible, the^ c£ry ammonium magnesiuitt 
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phosphate added, very slowly heated over a Bunsen burner, and 
finally ignited over the blowpipe, the lid being placed on for the 
final strong ignition. The magnesium pyrophosphate so obtained is 
weighed. Mg2P207 x 0-2785 = P. 

J. Arnott^ recommends that for the determination of phosphorus 
• 2 g. be taken, dissolved in hydrochloric acid and ferrous sulphate, the 
resulting* solution l^oiled until free from fumes, cooled, made alkaline 
with ammonia and then acidified with nitric acid. This solution is 
^then made up to a definite bulk and the phosphorus precipitated with 
amm*onium molybdate solution on a portion equivalent to 0-05 g. of 
alloy. 

Gemmel and Arch butt - use a gas evolution method followed by a 
precipitation of the phosphorus as magnesium p}Tophosphate. A suit- 
able weight of alloy is attacked with concentrated hydrochloric acid and 
the phosphine evolved led to absorptten bottles or flasks containing 
bromine a 4 id bromine water. 

Volumetric methods for the analysis of phosphor-tin have been 
worked out by R. E. Lee, A. II. Fezeley and V. H. Reichel,^ 
who dissolve a suitable weight of the alloy in hydrochloric acid in 
the first of a series of connected flasks, using a non-oxidising 
» atmosphere of coal-gas or carbon dioxide. The tin dissolves as 
stannous chloride and the phosphorus is liberated as phosphine which 
is absorbed in a solution of potassium permanganate (2 g. per litre 
with 10 per cent, nitrjc acid in addition). After solution is complete the 
tin is determined direct by titration with iodine or ferric chloride and 
the phosphorus is precipitated from the contents of the absorption 
flasks as ammonium phosphomolybdate which may be dried and 
weighed or reduced and titrated in the usual way. 


• 5. Tin Waste and Ashes. • 

• • 

The ashes and waste produced by tinning iron (in the manufacture 
of tinplate)rcopper, brass, and bronze by dipping in the molten metal, 
contain a quantity of tin (as •stannous and stannic compounds and 
metal), as well as irAn and copper oxides mixed with coke and 
sal-ammoniac, and are included under this heading. ^ ^ 

L. Rlirup^ recommends ^Kerl’s method*^ for the analysis. An 
average sample ^f 500 g. weiglvt R mi?ifed intimately with -Idb g. of 
tartaric acid, 400 g. of sodium carbonate,^ and 60 g. of chalk in a corre- 
spondingly large Hessian j^fucible, a covering ©f sodium carbonate and^ 

^ Mejnllnd.^ I92p, 16, 386. ^ Chem, Ind.^ >908, 27, 427. 

ItuL and Eng, Chem.^ • * • 

^ Chem. /eit.y 1896, 20, <(b6 ; J, Chem,^odfAbstr.^ ^ 72, 2^. 

® Meialiurgische ProbierkunsU^ 2nd ed., p. 482.* 
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100 g. of borax added, the crucible placed in a coke fire in a wind- 
furnace with a good draught, and the covering brought to a limpid 
fluid condition in half an hour or longer. The crucible is then 
removed from the fire, and cooled by means of an air blast for 
twenty minutes, or until it has sufficiently cooled to be completely 
cooled by placing in water. The crucible is then broken and the 
metallic button cleared from slag and weighed. The button is then 
drilled in several places, i g. of the drillings taken, decomposed with 
nitric acid {cf. Analysis of Bronze, p. 216), the stannic acid separated, 
the filtrate evaporated with sulphuric acid, and the copper sepsirated 
electrolytically. The dried stannic acid is ignited and weighed. 

VV. Witter takes proportional quantities of the coarse and fine 
products from the crushing and sieving of a representative sample of 
tin ashes and waste, to give an average sample of 25 g., mixes with 
5 per cent, of powdered charcoal and potassium cyanide (from 50 to 
100 g.), and fuses the mixture in a crucible in a wind-furnace. 
Drillings of the weighed button are taken and the content of tin 
determined either by gravimetric or volumetric methods. 

6. Tin Dross 

This consists of very impure tin resulting from the prolonged use 
of tin for tinning copper, etc., by immersion in the molten metal, and 
contains copper, zinc, iron, etc. On renewal of the bath this alloy is 
ladled off and run into ingots. 

For the analysis, several ingots arc drilled through, and aT g. 
sample analysed in the same way as bronze ; a somewhat high content 
of iron oxide in the ignited stannic acid is recognised by a brown 
coloration and if necessary this impurity may be determined by fusion 
of the stannic oxide with sodium carbonate and sulphur mixture. 

7. Tin Slags. 

I 

W. Witter fuses i g. of the ver/ finely ground slag with 5 g. of 
sodium hydroxide in a nickel crucible, dissolves the melt in water, 
acidifies the «olution with hydrochloric acid, precipitatts the tin by 
sulphuretted hydrogen, filters off the sulphide, wasluis it, dissolves it in 
ammoqiiim sulphide, filters, ptc., %nd finally weighs the stannic acid 
obtained. If the slag conts^ifk antirfibny, the separetion from tin is 
carried out by meJfns of iron .according, J:o Tookey- Clark’s method 
«(p. 267). Ajfter dissolving the melt, in iS-ater and * acidifying with 
hydrochloric acid, the solutioa raa^ be reduced fifith.iron tfr nickel 
and titrarted* with iodine ^^vofumeStHc methocis, p. ^260). 
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Only a very small proportion of the compounds of arsenic which 
find their way into commerce are obtained directly from ores of 
arsenic ; by far the greater quantities are obtained as by-products from 
the crude arsenic^rioxide (white arsenic) recovered from the flues in 
roasting ores containing arsenic. 

Arsenic Ores proper include : — 

JVative Arsaiic {^Flaky Arsenic)^ often containing antimony and 
silver, as well as a little iron, less frequently nickel and cobalt. 

Arsenical Pyrites {Mispickel)^ FeSg+FeAs.^, with 46 per cent, of 
arsenic, 34-4 per cent, of iron, and 19-6 per cent, of sulphur. 
Frequently found together with tin-stone, iron pyrites, copper pyrites, 
galena, zinc blende, fahl ore, etc. • 

Arsemcal Inm (Le/icopj^ite), FeAs^, with 72-8 per cent, of arsenic, 
and Ldllmgitc, Fe^As^, with 66-8 per cent, of arsenic ; not infrequently 
containing some gold. 

The natural sulphides of arsenic — Realgar^ AsS, and Orpivient^ ASj^S^ 
— are used as found. 

Arsenic is also found in many other ores, such as speiss cobalt, 
.kupfernickel, etc., from which it is partially recovered by metallurgical 
treatment. 

The products ipost frequently met with in analysis are: — Ores of 
arsenic, metallic arsenic, white arsenic, and red and yellow arsenic 
sulphides. 

Dry Assay of Arsenic } — This is employed for determining the 
available quantity of arsenic, arsenious acid, or sulphur compounds of 
arsenic in ores. 

I.-w-Gravimktkic Methods gv Analysis 

Arsenk is determined either as trisulphide (As.^S.j), pentasulphide 
(As.^Sr,), magnesium pyroarsenate (Mg2As.^07), or as silver arsenate^ 
(AgjjAsOJ. The deljprmination as hydrated ammonium magnesium 
arsenate cannot be recommended. 

Determination ^ Trisulphide, As^^Sg. ^ ^ 

• •• • • 

The arsenic may be separated from feolutions^of arsenious acid {eg,, 
in hydrochloric acid) as tjfsulphide, providedjio substances are present 
which ^xidise Sulphuretted •hyckogen. Such a solution is obtained, for 

instance, by 8istilling»the arsenjoias ^rlienious chloride (cf Vol. I., p, 37 

# * • • 

^ Cf, C. and J.ff. Beringex, T^at^-book of As^ayikg, isfh ed., 1921^ p. 382; Rhead and 
Sexton, Asmying and MetallurgicallAnalysis, 1914; Kerl, rrohierbu^h, 3rd ed., p. 170. 

II. ‘ • 
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and this vol, p. 205), and condensing the distillate (arsenious chloride 
and hydrochloric acid) in water free from air. By carefully passing in 
' sulphuretted hydrogen all the arsenic is precipitated as trisulphide; 
any traces of admixed sulphur may be extracted by means of hot 
alcohol, after collecting the precipitate on a filter paper dried at 100°, 
and washing with water. The precipitate and paper are dried at lOo'" 
to 110° till constant, and weighed. As.^S3X 0 6092 =#\s. 

2. Determination as Pentasulphide, As^^Sr,. 

Arsenic is determined as pentasulphide when to the solution of 
the mixed sulphides (cf. separation from tin and antimony, p. 288) in 
hydrochloric acid and potassium chlorate, a large quantity of strong 
hydrochloric acid is added, and sulphuretted hydrogen passed in for a 
long time in the cold. It is collected on a dried asbestos filter in a 
Gooch crucible, washed first with strong hydrochloric acid containing 
sulphuretted hydrogen, then with boiling water, and finally* with hot 
absolute alcohol, and weighed, after drying at loo^' to no', till constant. 
AS2S5 X 0*4832 = As. 

F. Neher^ recommends the use of a solution containing one volume 
of water and two volumes of fuming hydrcjchloric acid of sp. gr. 1*2, 
in the separation of arsenic from antimony, bismuth, lead, etc.; more 
hydrochloric acid retards the precipitation, which is usually completed 
by a rapid current of sulphuretted hydrogen in one hour. Warming 
must be avoided ; in fact, after the addition of the strong hydrochloric 
acid, it is well to cool. If the solution, after standing corked in a flask 
for two hours, still smells strongly of sulphurc^tted hydrogen, one may be 
certain that the precipitation is complete. This method of deter- 
mination was first published by Le Roy W. M‘Cay.^ 

In presence of stannic chloride, a compound containing tin, which is 
quite insoluble in hydrochloric acid, separates with thC arsenic^penta- 
sulphicje. 

Both the trisulphide and the pentasulphide of arsenic may be 
dissolved off the filter paper by pouring on a warmed mixture of 
'ammonia and hydrogen peroxide ; in the tooled solution the arsenic acid 
is precipitated as usual with magnesia mixture, a/nmonia, and alcohol. 

3. Defcrminaftion-as Magnesium Pyroarsenate, Mg^As^O;. 

Arseni® is frequently preeij/i^ated anjl (in presence of tartaric acid) 
also separated from antimony and tin as this compound.* The sulphides 
of ars'enic, antjmony, and tin are dissolved^y gently warming with 
hydrochloric acid.and potassium chlorate (the sulphi^les of arsqpic are 
nreated with (pming ^nitric acidX ^nd.tjie temperature raised, but not 

^^ 3 , 32,145 ; 1893, A. 186. 

" C^em. JVe^s, 1886, 54, 287. * 
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suflSciently to melt the nearly white undissolved sulphur. If antimony 
and tin are present, some tartaric acid is added to the solution, which 
is then somewhat diluted, filtered through a small paper into a beaker, 
and the paper washed with a little water. 

Sufificient magnesia mixture (prepared by dissolving no parts of 
•crystallised magnesium chloride and 140 parts of ammonium chloride 
in 1300 parts of waller and 700 parts of strong ammonia) is then added, 
the solution saturated with ammonia, one-quarter of the volume of 
* absolute alcohol added, swirled round and allowed to stand covered, 
under a bell jar, for forty-eight hours. At the expense of accuracy, 
but without introducing any appreciable error, the precipitate may be 
filtered off after six to twelve hours and washed with a mixture of two 
volumes of strong ammonia with two volumes of water and one volume 
of alcohol. The precipitate and paper are dried in an air-bath, the 
precipitate removed as completely as possible on to glazed paper, the 
paper replficed in the funnel, hot, dilute nitric acid poured over it, the 
solution evaporated in a weighed porcelain crucible, the precipitate then 
introduced into the crucible, the lid placed on, the contents gently 
heated to drive off the ammonia and water, and the temperature 
gradually increased up to a dull red heat; the lid is then removed, and 
the crucible and its contents strongly ignited by means of a blowpipe 
or large Bunsen burner. If the crucible is ignited with the lid on, a 
considerable amount of arsenic may be volatilised owing to reduction 
by means of the burijcr gases. The crucible, whilst still hot, above lOo'', 
is pljaced in a desiccator containing sulphuric acid and weighed when 
cold with the lid. Mg^ AsgQ^ x 0*4827 = As. 

4. Determination as Silver Arsenate,^ AggAsO^. 

If a,jjiplution of arsenic acid, free from chlorides, is nearly neutralised 
with ammonia* silver nitrate solution added, and then just neutralised 
with ammonia, a chocolate-brown precipitate of silver arsenate is 
produced, \?hich settles well on warming. The precipitate is washed 
by decantation, collected on a •weighed filter paper, dried at 100° till 
constant, and ^weighed.! Ag3As04X 01621 = As. 

The weight of the arsenate may also be determined b^ bringing the 
precipitate into rf weighed crucible, evaporating off the w^ater, and 
drying fhe residue in an air-bath ;• it ^s* still quicker to dissolve the 
washed arsenate *in dilute nitric acid, ad^ some ferric sulphate to the 
diluted solution, and deterilrine the silVer by t^trafion with ammohium 
thiocyagate standardised against silver (Volhard’s mefliod, p. 122)? 
Ag X 0*2316 =*As. Ag X 0*3058 ^=%As,^03. • 

A good excels of silver ^nitrate #is us^d,^ aj;id the filtrate Troth the 

^ Cf, W. Eschweiler anti W. Riihrs, Z, angew* Chenu^ 3^j 4^4* 
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silver arsenate tested by adding a few drops of dilute ammonia, 
which should give no further brown coloration of silver arsenate. No 
silver oxide is precipitated in the slightly over-neutralised solution, 
since, according to Le R. W. M‘Cay, it is soluble in small quantities in 
the solution containing ammonium nitrate. 

Owing to the appreciable solubility of silver arsenate in ammonium* 
nitrate, J. WaddelP considers the method unsafisfactory, 'and has 
suggested two modifications as follows : — 

(1) The nitric acid solution is rendered slightly alkaline by the- 

addition of pure sodium hydroxide then just reacidified 
with acetic acid before adding the silver nitrate. 

(2) The silver nitrate is first added to the nitric acid solution which 

is afterwards neutralised with zinc oxide. * 

On account of the high n^olecular weight and small percentage 
of arsenic in silver arsenate, Finkencr dissolves small quantities of 
ammonium magnesium arsenate, after drying, in dilute nitric acid, 
evaporates the solution in a weighed porcelain crucible, adds excess 
of silver nitrate, and evaporates several times with 10 to 20 c.c. of water 
until a fresh addition of water produces no further formation of arsenate 
(or darkening of the silver arsenate); the arsenate is then washed by 
decantation, dried, and weighed. A small amount of silver chloride as 
impurity in the arsenate is recognised on dissolving the weighed silver 
arsenate in dilute nitric acid ; the silver chloride may either be collected 
on a small filter paper, weighed as such and deducted from the weight 
of the impure arsenate, or the nitric acid solution of the arsenate may 
be titrated as stated above. * 

Any chloride in the solution may be separated before neutralising 
with ammonia by the addition of silver nitrate and filtering off any 
silver chloride precipitated. Solutions containing su|phuric acid must 
be diluted on account of the slight solubility of silver sulplfate. 

II.— VoLUMETRi^c Methods 

ft 

I. Determination of Arsenioi^ Acid. 

The meth6d of I;. Mohr depends on the oxidation of the solution, 
rendered alkalin'e by sodium bicarbonate, by means of iodine, in 
presence»of starch as indica^^c^, irt acfordance with the equation : 

. Asa03 + 2Hp + 2l.^ « Asp, , + 4111. 

,, Stannous jSalts and antimonious acid should not be j)resent ; solutions 
_of these, to which ^ Rochelle salt is Vdd'ed and then .piade “alkaline 
with godyim •bicarbonate, piay IHcewtee be titraffed with iodine solution 
(c/p.285). « ' 
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For the preparation and standardisation of the iodine solution, cf. 
Vol. L, p. 67. 

The solution to be titrated {e.g., of white arsenic or flue dust, etc.) 
may conveniently contain o*i g. of arsenious oxide; it is neutralised 
with sodium carbonate, then 20 c.c. of a cold, saturated solution of 
‘sodium bicarbonate (prepared from the commercial salt, washed free from 
any adhering sodium carbonate by means of water) added, and titrated 
after the addition of starch solution. Alkaline solutions are first just 
.acidified with hydrochloric acid, then sodium bicarbonate solution 
added, etc. 

Solutions of arsenic acid are evaporated with sulphuric acid in 
order to drive off any nitric acid, the residue taken up with a large 
excess of a saturated aqueous solution of sulphur dioxide, gently 
warmed, the sulphur dioxide completely expelled by boiling, the 
solution cooled and neutralised, etc., cfs above. 

H. Ni^enson and A. Mittasch^ titrate the arsenic and antimony 
together in the sulphuric acid solution of the sulphides by means of 
N\io potassium bromate solution - {cf. Analysis of Hard Lead, p. 238), 
using a few drops of indigo solution as indicator. For the determination 
of the antimony a second sample of i g. is treated with brom-hydro- 
chloric acid and heated for a considerable time in the fume cupboard in 
order to drive off the arsenic ; after diluting with water the antimony 
is precipitated by sulphuretted hydrogen. The sulphide is then dis- 
solved in 50 c.c. of .a cold, saturated solution of sodium sulphide, the 
solution heated to boiling, filtered into a platinum dish, and after 
addition of boiling water ejectrolysed for forty minutes with a current 
density of about i*6 amperes per square decimetre. 

Antimony may also be determined by treating a second sample of 
I g. with brom-hydrochloric acid as above and heating until arsenic 
is driven off, afteV which 3 or 4 g. of fresh sodium sulphite erj stals are 
added, and the solution boiled down as rapidly as possible to, about 
10 C.C. The solution is then diluted with 20 c.c. strong hydrochloric 
acid and 40 c.c. hot water, boiled, for one minute and titrated hot with 
potassium bromate using methyl orange as an indicator [cf. Volumetric* 
Determination of Antfcnony — Bromate Method, p. 286). 

• 2. Determhiatioiv of Arsenic Acid. 

• •• • • * ‘ 

The method generally used (that <if Baedeker and Briigelmann) 
depends on the precipitatfdn of the arsenic acid by a solution of uranyl 
acetate* or uranyk nitrate CU02(N03)2+6H20), the end-point being 
recognised by means of spot tests^witb 'potassium ferrocy^nide solution! 

^ Chem. 1904, 28? 184 Soc, them, Jnd.y 1 904, 23, 338, • 

5 * Gy( 5 ry, Z* anaUChem.^ 1^93.* 32, 415 Chem. Soc, 1893, 64, 554. 
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The uranium solution should contain about 20 g. of uranium oxide 
to the litre. For its standardisation a weighed quantity (about 0-2 g.) of 
arsenious oxide is dissolved in a flask by boiling with strong nitric acid, 
the solution evaporated, the residue dissolved in water, neutralised with 
sodium hydroxide or ammonia, strongly acidified with acetic acid, 
uranium solution run into the cold solution until th^greater part of the 
arsenic pentoxide is precipitated, the solution heated to boiling for a 
few minutes, and then titrated further with the uranium solution until 
a red coloration is given with a drop of potassium ferrocyanide solution . 
on a porcelain tile. 

A method in which arsenic acid is determined by difference finds 
considerable favour in some technical laboratories. Arsenious acid 
is first determined by a volumetric method, and the total arsenic 
is determined on a separate weighing of the sample. A suitable 
weight is dissolved by strongly heating with 10 c.c. of concentrated 
sulphuric acid, cooled, diluted with water, hydrochloric aiid added, 
and the solution titrated hot with potassium bromate. 


III.— Special Mktipjds 

I. For Ores, Speisses, Waste, etc. {cf. also Vol. I., pp. 376 

et seq^, 

{a) One gram of the very finely ground substance is dissolved in aqua 
regia or in nitric and tartaric acids, the solution diluted, sulphuretted 
hydrogen passed in, the precipitate extracted with hot potassium 
sulphide solution, and the sulphides of EPrsenic, antimony, and tin 
reprccipitated by acidifying the cooled solution with dilute sulphuric 
acid. The mixed sulphides are dissolved in hydrochloric acid and 
potassium chlorate, the solution diluted, some tartariq, acid added and 
the arsenic precipitated by addition of magnesia mixtuKe (see^p. 274), 
ammefnia, and alcohol, and finally weighed as magnesium pyroarsenate. 
The antimony and tin in the filtrate may be determined as given under 
^the analysis of White-mctals (p. 265). * 

(^) F. RcicFs and T. Richter's Method (as employed at the Freiberg 
metallurgical )yorks for raw and roasted ores).— Nitric acid (sp. gr. 1*2) 
is poured over o j to*^i#g. of the substance in a large (porcelain crucible, 
which is covered with a watch^lass^and heated on a sand-bathi After 
the deconiposition, the watch-^Riss is rtfmoved and the contents of the 
crucit>le evaporated on the sand-bath. Thref times the weight of pure 
q,nhydrous so(jium carbofiate (free frorn chloride) and an equal quantity 
^of nitre are then*adc}/^d, and the,crucible heated ovef a burner *br in a 
mufiflet till, trapnquil fusion ensues.* ^T^ft cooled melt ij extracted with 
hot water, the solution neutralised with nitric* acid, the carbon dioxide 
driven off by warnfing, silver nitrate added, ’and then ammonia in very 
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slight excess, which precipitates the arsenic acid as silver arsenate 
(according to the method on p. 275). The dried precipitate is removed 
from the paper, the paper ignited on a scorifying dish, the precipitate 
together with 10 to 20 g. of assay lead added, scorified, and the lead 
button obtained cupelled on a cupel {cf. Silver Assay by Scorification, 
p. 102). From the weight of the silver bead obtained the amount of 
arsenic Contained ^n the original substance may be calculated. One 
hundred grams of silver correspond to 23* 17 g. of arsenic, or 

30 -^ g. AS^g. 

Pearce boils the aqueous solution of the melt, acidified with nitric 
acid, neutralises after cooling with ammonia, filters off any precipitated 
aluminium compounds, precipitates the arsenic according to the method 
given on p. 275^ dissolves the silver arsenate in dilute nitric acid, and 
titrates the silver by Volhard’s method. 

Raw ores may also be mixed with ten times their weight of a 
mixture eff equal parts of sodium carbonate and nitre, covered with a 
deep layer of the same mixture, and then fused. 

(c) Fusion of the ground ore wdth six times its weight of a mixture 
of equal parts of sodium carbonate and sulphur, and lixiviation of the 
melt with hot water, etc. This method is less frequently used, generally 
only if lead, copper or antimony, and tin are to be determined in the 
sample as well as arsenic. 

(d) IVas/cs are analysed by one of the foregoing methods, or 
more convenientlyf after evaporation of their solution in aqua regia, 
and addition of ferrous chloride and fuming hydrochloric acid, the 
arsenic is volatilised by .distillation as arsenious chloride (p. 205), 
and the arsenic in the distillate determined by Mohr’s method (p. 276). 

(e) F. W, Boani's^ JIfeFiod for the Vohivietric Determination of 

Arsenic in Ores, etc, — One to one and a half gram of the finely ground 
substai’Ke is heated with 20 to 25 c.c. of strong nitric acid, and the 
solution evaporated to dryness. After cooling, 30 c.c. of conceiatrated 
sodium hydroxide solution (30 per cent.) is poured on to the residue, 
boiled for a few minutes, some, w^ater added, filtered, and the filtrate 
diluted to 250 c.c. Twenty-fTve c.c. of this solution is acidified with^ 
50 per cent/* acetic alid in which 10 per cent, of sodium acetate is 
dissolved, heated to boiling, and titrated with uranium acetate solution 
(p- 277J. Boam uses a uranium solution of which i c.c. corresponds 
toO‘boi25 g. o^arsenic, prepared t>y ^i^solving 171 g. of pui^ uranyl 
acetate in 15 cc. of strong acetic acid alid water^ and then making up 
the solution to 2 litres. * 

The method is applicable* fo all ores decomposed by nitric aefd. 
Any ferric arsenate formed is ^cwnpl^fely decomposed by boiling with 
a large excess <fi sodiuir^ h}«Jroxfdd 

^ NewSy J890, 61, 219. 
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(/) Arsenic Ores (native arsenic, arsenical pyrites, arsenical iron) and 
speisses are treated according to II. Nissenson and F. Crotogino^ by 
'heating with concentrated sulphuric acid as follows : — Five grams of the 
finest possibly ground material, dried at lOO"', is placed in a round- 
bottomed or small Erlenmeycr flask, a small funnel placed in the mouth ^ 
of the flask, 15 c.c. of strong sulphuric acid poured on, and the ^contents 
heated until all metallic appearance has disappeared ; the decomposition 
is ended, according to the temperature, nature, and fineness of the 
substance, in from half to three hours. After cooling, hot wat^r is 
added (by addition of cold water arsenious acid readily separates), 
and, after settling, the solution is filtered. The filtrate is heated to 
boiling, a rapid current of sulphuretted hydrogen passed in till the 
precipitate balls together, which generally takes place in about 
ten minutes, the solution filtered off into a 500 c.c. flask, and the 
precipitate washed well with Bot water. The filtrate is boiled to 
expel sulphuretted hydrogen, the iron oxidised with sufficient 
quantity of ammonium persulphate or hydrogen peroxide, 200 c.c. of 
ammonia added, and after again boiling and cooling, diluted to 500 c.c. 
One hundred c.c. of the solution is then filtered through a dry paper, 
and nickel and cobalt separated clectrolytically in the usual way by 
diluting to about 180 c.c,, and electrolysing the hot .solution in a 
Classen dish with a current of i ampere per 1 00 sq. cm. for one 
to two hours, according to the amount of nickel and cobalt present. 
The sulphide precipitate is dissolved in h}^drochloric*acid and potassium 
chlorate, the chlorine driven off, the solution diluted to 500 c.c., 100 c.c. 
filtered off, neutralised with ammonia after addition of tartaric acid, and 
the arsenic precipitated as ammonium magnesium arsenate by means 
of magnesia mixture. The copper in the filtrate, if present only in 
very small quantity, is estimated colorimetrically ; if present in larger 
quantity, the filtrate is acidified with dilute sulphuric ‘acid, thef copper 
precipitated by boiling with sodium thiosulphate, the pfecipitate washed 
with boiling water, dried, ignited, and weighed as cupric oxide. If 
antimony is present, the sulphide precipitate is washed* free from 
Sulphuretted hydrogen, digested with Ammonium carbonate solution 
to separate the arsenic, the residue extractec/ with 20* c.c. of con- 
centrated .sodium ^sulphide solution, and the antimony determined in 
the solution. For the determination qf the cop*per, or Ijismuth 
and cadmium, the sulphides ^%mafliing on the filter paper are dis- 
solved in nitric acid, ^tc. The%treatment with concentrated sulphuric 
acid il especially suited J'or pyrites, coppefVvrites. mixed zinc-lead 
ores, etc. 

Silver ^in ..laiuidny occurring naiivc arsenfe is determined by 
scorification and cu^ellatson pp.'ifta apd i;o). * 

' Chtm. 1902 ) 26, 847 ; Chem. Sgc, Ahstr., 1992, 82, 695. 
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2 . For Sublimed Arsenic.— This metallurgical product may 
contain as impurity particles of arsenical pyrites introduced during 
sublimation. Traces of sulphur are recognised by dissolving in aqua 
regia, evaporating, again evaporating with hydrochloric acid, and pre- 
cipitating the hot dilute hydrochloric acid solution with barium chloride 
solution.* Iron is determined as sulphide, FeS, by mixing a few grams 
of the sample with^an equal weight of sulphur in a Rose’s crucible, and 
heating gradually up to strong ignition in a current of hydrogen and 
then allowing the crucible to cool in the current of hydrogen. 

3? For Crude Arsenious Acid (White Arsenic) and Flue Dust— 
About 0*5 g. of the substance is dissolved in a flask by prolonged 
boiling with excess of potassium hydroxide. The solution, which is 
generally muddy owing to the presence of soot, sand, ferric oxide, etc., 
is cooled, diluted to nearly lOO c.c., and made just acid by adding 
hydrochloric acid, drop by drop. Fifty^c.c. of a cold saturated solution 
of sodiumr bicarbonate is then added, the solution diluted to 500 c.c., 
in 25 c.c. of which the arsenious acid is titrated by F. Mohr’s method 
(p. 276). 

Commercial white arsenic is practically pure arsenious oxide, being 
contaminated only by extremely small quantities of flue dust (from 
the fuel of the roasting furnace) and traces of arsenic sulphide. Both 
are recognised by dissolving in hot hydrochloric acid, when the sulphide 
separates in a flocculcnt form. White arsenic, containing sulphur, if 
carefully sublimed jn a porcelain dish, gives at first a reddish deposit 
on another dish placed over it as a cover. 

White arsenic glass is nearly chemically pure arsenious oxide. 

4. For Artificially prepared Realgar (Red Arsenic Glass) and 

Orpiment (Yellow Arsenic Glass). — The composition of these products 
only approximates to that of the naturally occurring sulphides, arsenic 
di.sulphgle (AsS) and arsenic trisulphidc (AsoS^) ; for instance, yellow 
arsenic glass* contains a considerable quantity* of arseniou^ acid. 
Impurities (particles of ore, etc.) remain behfnd undissolved on boiling 
the finely ground substance wijh potassium hydroxide and sulphur. 
For the determination of the ^Iphur, o-i g. to o-2 g. of the substance^ 
is dissolved ip aqua re^ia and the solution further treated as described 
above. For the determination of the arsenic, a ^small portion of the 
sample is boiled* with concentrated nitric aciS, the solution diluted 
with * w*ater and titrated w*itl\. umniiyi^^ solution (p. 277).* • Earthy 
impurities remain behind when a fe^^ grams are volatilised in a 
crucible. • 

5. Iji Rosahiljpe, RosaniKiie residues, and Coloiflring Mattefls 
suspected of tontaining Arsenic^— Tji^ arsenic i^ distilled as chloride? 
by mixing the stibstance w^h ferrous suiplfatQ and a large (JuaiTtity of 
common salt in a large fla^* pouring* on pure (ar^nicT free) sulphuric 
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acid, warming the flask on a sand-bath, and condensing the vapours 
in a well-cooled, spiral condenser. In rosaniline residues rich in arsenic, 
a small weight of the sample suffices. The arsenic in the distillate is 
determined by Mohr’s method (p. 276). 

6. In Crude Commercial Hydrochloric and Sulphuric Acids 
{cf, Vol. I., pp. 433, 519). — Acids containing arsenic evolve, when* 
used for preparing hydrogen, in the manufactufe of zinc* chloride 
from zinc ashes, etc., corresponding quantities of the highly poisonous 
arseniuretted hydrogen. 

For the determination of the content of arsenic, Prauss generates 
hydrogen from pure zinc, free from arsenic, and the diluted acid under 
examination. The gas is passed through a series of wash-bottles, 
containing a measured quantity of standard neutral silver nitrate 
solution, and after the experiment, the silver in the filtrate from 
the separated metallic silver is titrated with ammonium thiocyanate. 

The decomposition of arseniuretted hydrogen takesr place in 
accordance with the equation : — 

i 2 AgN 03 + 3H.jO + zAsHg = i2Ag+ izHNOr^ + As^Oy. 

Prauss found that the results obtained by this method are sufficiently 
accurate for technical purposes, c.g,^ o-io per cent, instead of o-i2 per 
cent, as given by a gravimetric determination. 

The arsenic may also be accurately determined by passing pure 
sulphuretted hydrogen (prepared from calcium sulphide or sodium 
sulphide and pure hydrochloric or sulphuric acid) for a long time 
into the diluted and gently warmed acid after reducing with sulphurous 
acid and driving off the excess ; the arse*nic is thus precipitated as 
sulphide. 

7. For Shot (Arsenical Lead), cf. Lead, p. 242. 

• DETECTION OF ARSENIC 

In many ores and metallurgical products, arsenic is contained in 
^considerable quantities and is easily recognisable by blowpipe tests. 
When heated on charcoal in the blowpipe flamef a garlicflike odour is 
evolved, and \/nen fi^ed with sodium carbonate and potassium cyanide 
in a small glass tube sealed at one end, a dark browli metallic-looking 
mirror of«arsenic is formed. JThe^wQj; tests, such as^ the well-known 
Marsh-Berzelius test, are mucji more delicate ; in carrying them out, 
only ‘absolutely pure, specially “tested reajjents may be employed. 
These tests a 1 *e fully described in Vc>!.* I.*, pp. 433^/ *seq, « 

• A sensitive test, Capable of cfe|ecting i part »f arsenfc in 1,000,000 
has been Sescribed by F»Feig^and»F,*Neuber,^ and coitsists in warming 
^ 1 Z. amU Chem ,^ 1923^ 62, *369. 
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the solution containing arsenic in the pentavalent form after the addition 
of stannous chloride and a hydrochloric acid solution* of ammonium 
molybdate. A blue colour indicates arsenic. 

The substance to be tested for arsenic is conveniently first digested 
at a gentle heat with pure, 25 per cent, hydrochloric acid and some 
potassium chlorate, and the solution so obtained run into a simple 
Marsh apparatus, tn which hydrogen is being evolved from pure zinc. 
The hydrogen is ignited and a porcelain plate held in the flame. The 
dark brown shiny arsenic spots disappear immediately on addition of 
a drT)p of sodium hypochlorite. In order to distinguish them from 
antimony spots, G. Deniges^ dissolves them in a few drops of nitric 
acid, warms the solution, and then adds four to five drops of a specially 
prepared molybdenum solution. In the presence of 0 01 to 0-02 mg. 
of arsenic, some yellow ammonium arseno-molybdate is immediately 
formed, the regular crystals of which possess a characteristic appear- 
ance undoff. the microscope. They arc best examined in a polarisation 
microscope with crossed Nicols. 

If pure iron (electrolytic, or reduced by hydrogen from absolutely 
pure ferric oxide) is introduced into a hydrochloric acid solution of 
antimony and arsenic, only arseniuretted hydrogen is evolved ; the 
antimony is quantitatively separated as metal, together with a con- 
siderable quantity of arsenic. J. Thiele - makes use of this methed for the 
detection of small quantities of arsenic in presence of much antimony. 
Whilst o-i to 0*15 rpg. of arsenic may be detected in an arsenic solution 
by means of the hydride evolved by the introduction of pure iron, the 
test becomes much more delicate if 2 to 3 c.c. of a concentrated solution 
of antimony oxychloride in hydrochloric acid of sp. gr. M24 is gradually 
run in. This procedure appears specially suited to the qualitative 
detection of arsenic in antimonial pharmaceutical preparations. 


A^ITIMONY 

The metal, the liquated sulphide, Sb^Sg, and the numerous antimonial 
preparations are generally prepared from Stibflitc (grey antimony ore, 
Sb2S^),<he most common orS of antimoiw, which contains 71 f)er cent, 
of antimony. Other antimony^bres 2^x0, Antimony bloom (Valentinite 
and Senarmontite), Sb^Qj, and Antimony ochH (Cervantite, ^bgOg, 
Sb^Ofi, and Stiblithe, Sb* 0 ,, * Hard lead (antimonml 

lead) i.s prepared ^n large quanjtkies in metallurgical works from lead 

1 fomptes rtncU, III* 82*4 Soc. Absfr.^ 1891 , 60, 364 . 

2 Aftnakfiy 1891 , 283 , 361 ; /. Soc, Chem, Ind,^ 189 ^ 10 , 857 . 

t ' • 
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and copper ores containing antimony ; it comes on to the market with 
very varying content of antimony. 

Analyses of the following products are most frequently required : — 
Ores, metallic antimony, hard lead, and other alloys rich in antimony 
(bearing metal, etc.). The dry assays for ores^ arc inaccurate and are 
now seldom used. Of the gravimetric methods, the determination of 
the antimony as tetroxide and the electrolytic sepafation of the metal 
from solutions of the sulpho-salt are described ; as are also several 
volumetric methods well suited to technical purposes. 


I. Gravimetric Methods ok Anaj.vsis- 

1. Determination as Antimony Tetroxide, SbgO^.^-The antimony 
sulphide obtained by precipitation with sulphuretted hydrogen, or by 
acidifying solutions of the sulphb-salt, is treated with strong nitric acid 
until all the sulphur is oxidised,^ the excess of acid removed by evapora- 
tion, the sulphuric acid carefully driven off, and the residue strongly 
ignited in an uncovered porcelain crucible supported in a round hole 
in a stout piece of asbestos board, and finally weighed as tetroxide. 
For this ignition E. G, Beckett ^ considers that a muffle furnace at 
a temperature of 800'' to 900'' is essential for accurate results. 
Sb204X 07920 = Sb. 

When a few milligrams only of antimony sulphide are to be treated 
it is dissolved in warm ammonium sulphide, the solution evaporated in 
a large, weighed porcelain crucible, and the residue then oxidised with 
strong nitric acid. Larger quantities of precipitated antimony sulphide 
and sulphur are washed from the filter paper into a large dish, evaporated 
to dryness on the water bath, the dish covered, and the contents com- 
pletely oxidised with strong nitric acid ; all the sulphur is thus 
immediately oxidised. After warming a short time,' the corWtents of 
the di§h are washeef into a weighed crucible, and evaporated, etc., as 
above. (See also analysis^ of bearing metal, p. 265.) 

2. Electrolytic Determination.’’— Recording to Classen, \he deposi- 
•tion of the antimony is best carried out hi a solution of the sulphide in 
a large excess of concentrated sodium sulphide soCution ; w;th a solution 
containing fronff 50 ta/o per cent, of a cold, saturated sodium sulphide 
solution, the current used is from i to 2 amperes, and the E.M.F. may 
vary between i'5 and 3 volts. * 1 i^y ^^art^\ing the solution to 60'' to 80®, 

^ (QJ Kerl, Prohierbuch^ 2td ed., 1894.^ ^ 

2 A bibliography of methods tf analysis of antimony ha* been prepared by E. R. Darling, 
and Met, ^ * 

• ^ Rdssing, Z. anal, Cherrt,^ 1902, 41, 9 ; 5^. Chem, Sac, Abstr,^ 1902, 82, 23CA 

* Incmg, Disset^ation^ Zurich, 1909:; J, Inft, Afetah^ iQiOi 4) 3I9» 

® Cf, Quantitative^ Ana^sis bp Elect dlasser^ I919; also, Electro- Analysis^ E. F, 
Smith, 1908, p. 17 1. 
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the deposition (in a sand-blasted dish) is hastened, so that 0*3 to 0-4 g. 
of antimony is completely separated in from one and a half to two hours. 

If the deposition is carried out in the warm solution, the dish must be 
washed a few times with hot water (without breaking the current) and 
finally once with alcohol, then dried at 90", either in an air bath or on a 
* boiling water bath, and weighed when cold. The antimony, which is 
especiallj^ adherent: to the inside of the matted dish (p. 229), is 
dissolved off by a mixture of nitric and tartaric acids. In the 
usual course of the analysis of ores, etc., by fusion with sodium 
carbonate and sulphur, or by treatment of the sulphuretted hydrogen 
precipitate with sodium or potassium sulphides, antimony solutions are 
obtained which may be directly electrolysed after first decomposing the 
polysulphides by the careful addition of hydrogen peroxide, and then 
adding •a considerable quantity of a cold, saturated solution of pure 
sodium sulphide. Arsenic is previouslj^' removed from the sulphuretted 
hydrogen ^^precipitate by extraction with a saturated solution of 
ammonium carbonate, while tin may be present and is not deposited 
from a concentrated solution of the sulpho-salts.^ After the deposition 
of the antimony, the tin may be precipitated as sulphide from the 
diluted solution by acidifying with sulphuric acid, and then converted 
into stannic oxide and weighed as such. 

N. K. Clancy - uses ammonium polysulphidc as an electrolyte and 
electrolyses with rotating anode at the boiling point, the initial voltage 
being 3*5 and the current density i ampere per square decimetre. Any 
tin present is deposited with the antimony, and under these conditions 
the deposited metal is quil^ bright. A. Lassieur*^ recommends the use 
of a platinum gauze cathode coated electroly tically with mercury. This 
gives a clean grey deposit which may be dried at loo^ 


II. Volumetric Methods* 

1. Titr^ition with Iodine (F. Mohr). — The oxidation takes place in 
a slightly alkaline solution, accotding to the equation : — 

SbjPa + 4I + 2Na20 = Sb^Og + 4Nal. 

According to Fresenius, a solution containing ^ou^ 01 g. of 
antimony oxide,* prepared by addition of water and tartaric acid, is 
neutralised with sodium carboijate^ 20^.^. of a cold, saturated* solution 
of sodium bicarbonate and some stjjrch solution added, and then 
titrated to the blue colorafSbn with a standard iodine solution. Fiiikener 
adds a» slight ex<^ss of the’idcMne Solution, and titrates back, till tfie 
blue coloration just disappears^ with^a* solution ot sodiugi thiosulphate 

^ Cf* A. Fisher, Z. 19041 42, 363^ J* Soc, Chem, /W., * 905 » 24, JSS* 

Amer, Chem, So^,y 1913, Js* Comftt. hnd„ 1923, 177, 263. 
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checked against the iodine solution. One g. I == 0-5743 g. SbgOg, 
or = 0*4798 g! Sb.^ 

, 2. Titration of the Iodine liberated by the action of Antimonic 

Chloride on Potassium Iodide in Hydrochloric Acid Solution (Parry^). 
— This method is suitable for alloys of lead, tin, and antimony. Copper, 
arsenic, and iron, if present, are included with the antimony in the 
determination, and must be separately determined and allowed for. 
One to two grams of the finely divided alloy is dissolved in hydrochloric 
acid, potassium chlorate solution being added towards the end to assist 
solution. An excess of potassium chlorate is then added, the solution 
diluted, and the chlorine boiled off; after allowing to cool, the flask is 
filled with carbon dioxide from a Kipp apparatus, 20 c.c. of a 20 per cent, 
potassium iodide solution added, and the solution titrcj^ted rapidly with 
stannous chloride. 

The allowance for arsenic, copper, and iron is as follows: — 

I per cent. As — 1.6 per cent. Sb. ^ 

I „ Cu - 0.945 

I „ Fe - 1.07 „ 

Giraud^ adds carbon bisulphide to take up the liberated iodine, and 
titrates with sodium thiosulphate. 

3. Titration with Potassium Bromate — This method was originally 
proposed by S. Gyory^ and has been modified by II. Nissenson and 
P. Siedler ^ and by R. W. Rowell.^ 

The potassium bromate solution is made up by dissolving 2-7852 g. 
of recrystalliscd potassium bromate dried at 100" and diluting the solution 
to I litre; i c.c. corresponds exactly to 6 mg. of antimony according to 
the equation : — 

2KBr03 + 2HCI + 385303 == 2KCI + 2HBr + 38520;-. 

During the titration methyl orange (two drops of a solution ^f 0-5 g. 
of solid methyl orange in 500 c.c. water) is used as an indicator, and 
when tlbe red colour disappears the titration is finished {cf. Hard Lead, 
p. 238). 

4. Titration with Potassium Permangranate. — This method is 
particularly suitable for alloys containing antimony and free from 
iron and arsenic, which interfere. 

One g. df the alloy i^ dissolved in 25 c.c. of concentrated sulphuric 
acid in a fSO c.c. round-bottomed /lask, heating gently at first; and 

^ G. Beckett, /. /mi. Metals^ 320; J. Ki^op, anal. Chem.^ 1923, 63, 8i ; 

O. Collenberg and G. Bikke, Z. a%aL C/iem.^ 1923, 63, 229. « 

Assay 0/ 7 'in ahd Antimony • 

• ® Bull. Soc. Chim.f 1887, 46) 504 ; y. C 7 /^. Soc. A Ifs/r.^ 18S7, 5:j, 40< 

* Z mal. il/em* 1893, 32, 415 ; /♦ C/tem. 1893, 64, 554. 

® CAem. Zeit., 1905, 27, 749 ; f. Soc. (%m^ Ind.^ 1903, 9(47. 

® /. Soc. them. Ind., ig 4 ^, 25, I181. ^ • 
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eventually boiling until solution is complete and no black residue 
remains. The solution is allowed to cool, 30 c.c. of water and 5 c.c. 
dilute hydrochloric acid (i :4) added, after which the solution is boiled 
to expeTsulphur dioxide and again cooled. After bringing the volume 
of solution to not less than 100 c.c. it is titrated with standard potassium 
•permanganate until a permanent pink tint is obtained. The standard 
solution should contain 3*21 g. of potassium permanganate per litre, and 
may be standardised against pure metallic antimony. The value of the 
solution in antimony is equal to its value in iron multiplied by 1-0714.^ 
L.’^Bertiaux 2 recommends the addition of 10 g. anhydrous sodium 
or potassium sulphate to the sulphuric acid used for the solution of the 
alloy and also the addition of two drops of i : 1000 solution of Poirrier 
orange (or indigo) to the solution before titration ; the slightest excess 
of permajiganate liberates chlorine which decolorises the solution. 

The following modification due to^M. V. Coolbaugh and J. O. 
Betterton used for ores, etc. The ore or other material is decom- 
posed by means of ammonium persulphate, thus avoiding losses by 
volatilisation during fusion. The weighed portion together with eight 
to ten times its own weight of ammonium persulphate is placed in 
an Erlenmcyer flask and the mass fused at a low temperature, the 
> temperature being gradually raised. After cooling, the mass is 
dissolved in hydrochloric acid and diluted to 100 c.c. Sulphuretted 
hydrogen is j)assed for fifteen minutes, the precipitate filtered off, 
dissolved in strong hydrochloric acid, with the aid of a little potassium 
chlorate. The solution is diluted, two drops of ferric chloride added, the 
temperature kept at 90'', and then stannous chloride added until the 
yellow colour of the ferric chloride just disappears. The whole solution 
is now poured into a beaker containing 10 c.c. saturated mercuric chloride 
solution, diluted to 500 c.c. and titrated with potassium permanganate. 

5. Titration of the Sulphuretted Hydrogen evolved from Antimony 
Sulphide (R. S'chneider^). — Antimony tri- and pentasulphid© liberate 
sulphuretted hydrogen on boiling with hydrochloric acid ; at the same 
time sulplnJr separates from the pentasulphide. If the evolved 
sulphuretted hydrogen is led into a measured excess of iodine solution, 
considerably (Jiluted with water, contained in a large retort, sulphur 
separates according to the equation : — 

H2S + I2 = 2HI + S, 

and the excess of#iodine can be titrafed ferxk with a sodium thi6.sulphate 
solution checked against tjie iodine .^ol'Ation. The starch solution is 
not added in this case u^itil the solution is of a wine-vellow colour. 

^ Cf, O. Collenberg and O. Bakke, Z,*anaL Chem.y i^3, 63, 229. 

® C/ibn^e et Industrie^ 1920, > V* ^Jeials^ 1 92 1, 25t 454 * 

Western Chemist ^fid'^Metalluri:iisty p. 2S9. 

^ Pogg. Ann,, i860, 110 , 634, 
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checked against the iodine solution. One g. I = 0‘5743 g. SbgOg, 
or = 0*4798 gf Sh} 

, 2. Titration of the Iodine liberated by the action of Antimonic 

Chloride on Potassium Iodide in Hydrochloric Acid Solution (Parry^). 
— This method is suitable for alloys of lead, tin, and antimony. Copper, 
arsenic, and iron, if present, are included with the antimony in the ’ 
determination, and must be separately dcterminefl and all(5wed for. 
One to two grams of the finely divided alloy is dissolved in hydrochloric 
acid, potassium chlorate solution being added towards the end to assist 
solution. An excess of potassium chlorate is then added, the solution 
diluted, and the chlorine boiled off ; after allowing to cool, the flask is 
filled with carbon dioxide from a Kipp apparatus, 20 c.c. of a 20 per cent, 
potassium iodide solution added, and the solution titrated rapidly with 
stannous chloride. 

The allowance for arsenic, copper, and iron is as follows : — 

I per cent. As ~ 1.6 per cent. Sb. 

I „ Cu = 0.945 „ 

T „ Fe - 1.07 

Giraud^ adds carbon bisulphide to take up the liberated iodine, and 
titrates with sodium thiosulphate. 

3. Titration with Potassium Bromate.— This method was originally 
proposed by S. Gyory *^ and has been modified by II. Nissenson and 
P. Siedler^> and by R. W. Rowell.® 

The potassium bromatc solution is made up by dissolving 2-7852 g. 
of recrystallised potassium bromatc dried at lOo'" and diluting the solution 
to I litre; i c.c. corresponds exactly to 6 mg. of antimony according to 
the equation : — 

2KBrOs + 2HC] + 385^3 = 2KCI+ 2HBr + 3SbA* 


During the titration methyl orange (tw^o drops of a solution ^f 0-5 g, 
of solid mjsthyl orarfjge in 500 c.c. water) is used as an indicator, and 
when the red colour disappears the titration is finished {c/. Hard Lead, 
p. 238). 

• 4. Titration with Potassium Permang^anate. — This method is 

particularly suitable for alloys containing antipnony and free from 
iron and arsenic, which interfere. 

One g. of the aTloy S dissolved in 25 c.c. of concelitrated sulphuric 

acid in 9. ^50 c.c. round-bottomed ^ask, heating gently at fii*st; and 

• • •• « 


1 E. G. Beckett,/, /jkf/. Metals, 10*4, 320; J. Kijpp, anal Chem,, 1923, 63, 8 l ; 
O* CoUenberg and G. Hikke, Z. amal, diem,, 1923, 63» 229. • 

Assay of 7 'tn (Aid Aniimony, \\ 2,^, • ^ 

® Bull, Soc, Chim.y 1887, 46, 504 ; /. Chem, Soc, Ahstr., 1887, 5^ 400. 

* Z, (mal. 1893, 32, 415 ; /f 1893, 64, 554. 
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eventually boiling until solution is complete and no black residue 
remains. The solution is allowed to cool, 30 c.c. of water and 5 c.c. 
dilute hydrochloric acid (1:4) added, after which the solution is boiled 
to expel sulphur dioxide and again cooled. After bringing the volume 
of solution to not less than 100 c.c. it is titrated with standard potassium 
•permangdnate until a permanent pink tint is obtained. The standard 
solution should contain 3-21 g. of potassium permanganate per litre, and 
may be standardised against pure metallic antimony. The value of the 
solution in antimony is equal to its value in iron multiplied by 1-0714.^ 
L*Bertiaux‘^ recommends the addition of 10 g. anhydrous sodium 
or potassium sulphate to the sulphuric acid used for the solution of the 
alloy and also the addition of two drops of i : 1000 solution of Poirrier 
orange (or indigoj to the solution before titration ; the slightest excess 
of permajnganate liberates chlorine which decolorises the solution. 

The following modification due to' M. l\ Coolbaugh and J. O. 
Betterton ^4^5 used for ores, etc. The ore or other material is decom- 
posed by means of ammonium persulphate, thus avoiding losses by 
volatilisation during fusion. The weighed portion together with eight 
to ten times its own weight of ammonium persulphate is placed in 
an Erlenmeycr flask and the mass fused at a low temperature, the 
► temperature being gradually raised. After cooling, the mass is 
dissolved in hydrochloric acid and diluted to 100 c.c. Sulphuretted 
hydrogen is passed for fifteen minutes, the precipitate filtered off, 
dissolved in strong I^drochloric acid, with the aid of a little potassium 
chlorate. The solution is diluted, two drops of ferric chloride added, the 
temperature kept at 90"", and then stannous chloride added until the 
yellow colour of the ferric chloride just disappears. The whole solution 
is now poured into a beaker containing 10 c.c. saturated mercuric chloride 
solution, diluted to 500 c.c. and titrated with potassium permanganate. 

5. Til;f ation of the Sulphuretted Hydrogen evolved from Antimony 
Sulphide (R. Schneider^). — Antimony tri- and pentasulphid® Hljerate 
sulphuretted hydrogen on boiling with hydrochloric acid ; at the same 
time sulphtir separates from the pentasulphide. If the evolved 
sulphuretted hydrogen is led into a measured excess of iodine solution, 
considerably (jiluted with water, contained in a large retort, sulphur 
separates according to the equation : — - • 

HjjS + Ig - 2HI + S, 

auu me excess ouiodine can be rttraled ferjck with a sodium thiosulphate 
solution checked against tho iodine isolation. The starch solutipn is 

not added in this case until the solution is 6f a wine-vellow colour^ 

• • • # • •• 

^ Cf, 0. Collenberpf and O. Bakke, Z,*anaL Chem.^ 1^3, 63, 229. 

2 Chtm^e d InSusUie^ 1920, 5 / 4^1 >V* 1921, 25 > 4J4» 

^ Western CAemist^nd^Metalfur^isty'^olliw^ p. 2S9. 

** Ann,^ i860, IK), 634. \ 
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SbgSg evolves 3H2S, which requires 61 for oxidation. One gram of 
iodine used, tiherefore, corresponds to 0 3 198 g. Sb. 

The determination is carried out as follows : — The filter paper con- 
taining the antimony sulphide (which may be admixed with arsenic 
sulphide) is introduced into a wide-necked flask, and 25 per cent, 
hydrochloric acid allowed to run in through a safety funnel. The 
long delivery tube is inserted into the body of the retort; which is 
inverted, filled with dilute iodine solution, and rests on a wicker stand. 
The flask is heated and the liquid allowed to boil for ten minutes; the 
delivery tube is withdrawn from the iodine solution during the boiling. 
The retort is then cooled under the tap, the iodine solution washed into 
a large beaker, and the excess of iodine titrated back. As a check, the 
antimony solution in the flask may be titrated by Mohr’s method 
(p. 285), after the addition of tartaric acid, diluting, and filtering. 
Since the antimony sulphidc^precipitate generally contains chlorine, 
this method does not give absolutely accurate results, ^ut may be 
employed for technical determinations. 

III. Separation of Antimony, Arsenic, and Tin 

The best methods of separation have already been described under 
the analysis of Hard Lead, 0. 237, and of White-metal, p. 265. Arsenic 
and antimony are separated by diluting the solution of the sulphides 
in hydrochloric acid and potassium chlorate a^ter the addition of 
tartaric acid, filtering, saturating with ammonia, and precipitating the 
arsenic acid with magnesia mixture, etc. A small quantity of arsenic 
may be extracted from the mixed sulphides by means of a saturated 
solution of ammonium carbonate. Tin and antimony are best separated 
by means of iron, the metallic antimony being rcdissolved and determined, 
and the tin in solution precipitated as sulphide from the antimony-free 
solution i:)r titratedVith iodine. If arsenic and tin are present together 
with antimony, it is bestto precipitate the arsenic as pentasulphide by 
passing sulphuretted hydrogen into the cold, strong hydrochloric acid 
solution, to filter through an asbestos •filter, oxidise the filtrate with a 
slight excess of bromine water, dilute somewllat, and precipitate the 
antimony by*meang of pure iron, etc. 

Hampe^ uses the* following method of separatfon : — After adding 
a fair quantity of tartaric aT:j^ im t\if solution and precipitatfng the 
arsenic as magnesium ammonium arsenate, the filtrate is acidified, 
sulphuretted hydrogen^ passed *in, the tift and antimony sulphides 
tiissolved in freshly prepared sodiun? sulphide solptifin, and the con- 
► centrated, cold solfltion of tht^suljjljo-salts oxidised By the addition 
of srfi air quantities of^soBium peroxide^pntil a fre.#i addition causes 

^ ChenuVMt.^ 1894, 18 , igop ; J, Soc. Chfm. Ind.^ 1895, 14 , 302. 
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effervescence with evolution of oxygen. To bring about complete 
separation of the sodium pyroantimoniate, after boiling and cooling, 
one-third of the volume of alcohol of sp. gr. 0-833 added, and the 
precipitate filtered off after standing for twenty-four hours. Rose 
recommends washing the precipitate first with a mixture of equal 
•volumes *of water and alcohol (sp. gr. 0-83), and then with a mixture 
of one V(^lume of vt^ter and three volumes of alcohol ; a few drops of 
sodium carbonate solution should be added to the liquids used in the 
washing. The sodium pyroantimoniate is dissolved in hydrochloric 
acid ^containing tartaric acid, and the antimony precipitated by 
sulphuretted hydrogen and finally weighed as oxide. The alcohol 
is driven off from the filtrate from the sodium pyroantimoniate, the 
solution acidifieciwith hydrochloric acid, sulphuretted hydrogen passed 
in, and the precipitate of tin sulphide converted by careful ignition into 
oxide, which is finally strongly ignitcc? after the addition of a small 
piece of anainonium carbonate. 

L. Hahn and P. Phillipi^ add to the solution containing the thio- 
salts of the metals, sodium hydroxide or hydrogen peroxide, which 
causes the precipitation of sodium pyroantimoniate. Tin is then 
precipitated as stannic oxide from the filtrate by means of ammonium 
nitrate, and arsenic from the final filtrate as magnesium ammonium 
arsenate ; the last precipitate should be purified by reprecipitation. 

IV. Spkciai, Mktiiods 

I. For Ores, Liquated Stibnite, and Slags. 

(^) One-half to one gram of the finely ground substance is fused 
in a covered porcelain crucible with six times its weight of a mixture 
of equal^arts of sodium carbonate and sulphur (or six times the weight 
of sodium thidsulphatc dehydrated at 210'') until \io more siilphur is 
evolved. The cofd melt is extracted with 40 fo 50 c.c. of hot water, the 
solution filtered into a matted Cjassen dish, concentrated by evapora- 
tion on the water-bath, the poiysulphides decomposed by the careful ‘ 
addition of hydrogen f>r sodium peroxide, the volume of the solution 
made up to 150 c.c. after the addition of 60 to 70 c.9. of a cold, saturated 
solution of sodiunt sulphide, and then electrolysed hot (rf, ^Method 2, 
p. 284*), • If the substance contains skrsenii?? in considerable quantity, the 
sulpho-salts in the aqueous extract of the fusion are completely oxidised 
by repeated additions of stftull quantities of sodium peroxide (arsenic is 
thereby j:onvertftd ^nto sodium*»rsenate), the solution digested with h 
large quantity *of cold, saturated ^spdiuni sulphide t^olution until all the* 
sodium pyroantimoniate is c9mpl®teV dis^solved, and then electrolysed ; 

1 Z. anorg, Chem., jgii, Ii6, 2i ; / Jus/, Metals^ 1922)27, 436. 
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by this means arsenic acid is not reduced. The antimony is removed 
from the distf by alternately warming with strong nitric acid and hot 
potassium hydroxide, or with nitric and tartaric acids. 

If electrolytic apparatus is not available, the solution of the sulpho- 
salts from the fusion is warmed with excess of dilute sulphuric acid, the 
sulphides filtered off, the antimony separated if necessary frofh arsenic* 
and tin, and determined finally as oxide (Method If'p.^^284). ^ 

Oxide ores, difficultly soluble in acids, are likewise treated by 
fusion with sodium carbonate and sulphur, etc. {Cf. also Estimation 
of Antimony in Arsenic Ores, p. 280.) * 

{b) The finely ground ore or liquated stibnite is dissolved in aqua 
regia, or in hydrochloric acid and potassium chlorate, the solution made 
alkaline with potassium hydroxide, sodium sulphid(^ solution added, 
warmed until all sodium pyroantimoniate has dissolved, filte,red, and 
after adding a large quantity •‘of sodium sulphide solution, the solu- 
tion is electrolysed with a current of 2 amperes. Ar.vmic is not 
deposited, since it is present as arsenic acid. The usual analytical 
method may of course also be applied to this solution. 

(r) The volumetric method of titration with potassium bromate is 
applicable to sulphide and oxide ores. Of the former 0-3 g. of finely 
ground ore is weighed out, dissolved by heating with 20 c.c. hydro- 
chloric acid and 5 c.c. of a saturated solution of bromine in hydro- 
chloric acid, and, when completely dissolved the solution is reduced 
and titrated as described for alloys. , 

Oxide ores require to be fused with sodium peroxide (r of ore to 
10 of peroxide), after which the melt is dissolved in water^ acidified 
with hydrochloric acid, 10 c.c. of acid added in excess and the volume 
made up to 150 c.c. After adding i g. tartaric acid, warming and 
passing sulphuretted hydrogen, the precipitated antimony sulphide is 
filtered off, washed, dissolved in hydrochloric acid-bromine , solution 
and t/eated as already described. ' 

{d) Determination of ^ Sulphur, — Several decigrams of the ore is 
heated in a current of chlorine, tartc^ric and hydrochloric 'acids added 
to the liquid in the receiver, the fi^e chlorine expelled from the 
solution by warming and passing in carbon diokide, antynony, arsenic, 
and tin prjcipftated i>3^ sulphuretted hydrogen (Finkener), the sulphides 
filtered off, the sulphuretted hydrogen in the filtrate •ooiled off, and the 
sulphumc*acid precipitated as^yjual^witii barium chloride solutibn; 

2. For Metajlic Antitnony (Regtulus Antimonii). 

Commercial antimony generalfy coftfaifis lead, silyer^, arsenia, copper, 
‘iron, and^a little sulphur as^impufitiet 4 bismuthf nickel, and cobalt may 
be present The pure metal^as A sflver^h^te colouf, while antimony 
containing lead is fnore or less of a bluish Vvhite colour with a fracture 
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less coarsely crystalline than that of the pure metal. In commerce, the 
so-called antimony star ^ on the top of the ingot or cak6 is taken as a 
special sign of purity ; this is only formed on the pure metal, however, 
if it solidifies under a covering of slag and is protected against shock. 

For the analysis, several grams of the finely pulverised metal are 
' dissolved in nitric and tartaric acids, the solution saturated with 
ammoniif, copper, tead, and iron precipitated by the careful addition 
of sulphuretted hydrogen (Finkener’s method, p. 264), the sulphides 
filtered off, and the metals determined in the usual way. For the 
determination of the arsenic a separate sample of several grams is 
dissolved in hydrochloric acid and potassium chlorate, the chlorine 
driven off by gently warming, the solution cooled, made up to contain 
two-thirds of its«volume of concentrated hydrochloric acid, sulphuretted 
hydrogen passed in for a long time, arsenic and copper precipitated 
as sulphides and filtered off through afl asbestos filter (</. Analysis of 
White-meWl, p. 268). The arsenic sulphide is extracted with ammonium 
carbonate solution, the solution evaporated, oxidised with strong nitric 
acid, and the arsenic acid precipitated in the usual way with magnesia 
mixture, leaving the copper in the ammoniacal solution.^ 

The method described on p. 266 gives good results provided that 
during the distillation a temperature of 119' is reached but not 
exceeded. 

The determination of sulphur is carried out as described under 
(d) (p. 290). 

3. For Antimony Alloys. 

The methods of analysis have already been described under the 
analysis of Hard Lead (p. 236), and of White-metal (p. 265). 

■ 4. f^or Antimonial Preparations and .Colours. 

* • 

(Oxides, Tartar Emetic, Gold Sulphur, Arttimony Cinnabar, etc.) 

These are either dissolved •or fused with sodium carbonate and^ 
sulphur, and their content of antimony determined by the methods on 
pp. 284-8. R)r antimony pigments see pp. 464 e/ seq. For antimony 
salts see p. 394. 

^ A* sjJbcimen of antimony from Ilungnry^possesiwng this star-like suiiace ^oi^tained the 
following impurities i^Arsenic, 0*330 per cent, ; iroi, 0*052 per cent. ; and sulphur, 0*720 
per cent (Schnabel). , t 

* CV. Groschuff, Z, anorg, 103, 164. 
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ZINC 

The products that require technical examination are: — Raw and 
calcined ores and waste from the dressing of the ores, commercial zinc, 
zinc dust, hard zinc or bottom zinc from the galvanising of iron, zinc 
dross and ashes, materials from the metallurgical treatment of lead, 
copper, and iron ores containing zinc, zinc white residues, and fumes. 
In addition, especially in zinc works proper, crude or work zinc l^s to 
be analysed as well as the residues from the distillation of zinc. 

The most important ores of zinc are : — 

Zinc blende or Blende^ ZnS, contains in its purest state 67 per cent, 
of zinc, but invariably contains iron as impurity, and cadmium from 
traces up to 3 per cent. Many black blendes contain mangattese and 
traces of tin, less frequently traces of indium and gallium also. Pyrites, 
galena, copper pyrites, arsenic, and antimony ores are frcqitS'ntly found 
with blende. 

Calamine or SmiihsonitCy ZnCO^, containing 52 per cent, of zinc; a 
part of the zinc in the carbonate is usually replaced by iron, manganese, 
cadmium, calcium, and magnesium. The green calamine of Laurion 
is coloured with copper carbonate ; rich deposits of calamine have 
also been found there in antique aqueducts. Common calamine, with 
less than 30 per cent, of zinc and mixed with clay, ferric hydroxide, 
manganese oxide, limestone, and dolomite, is much more frequent. 

Hemiinorphite^ ZugSiO^+HgO, contains 537 per cent, of zinc, and 
is known as “electric calamine” when ass<?'ciated with the frequently 
occurring earths, clays, etc., as impurities. 

Willemite, ZngSiO^, containing 58-1 per cent, of zinc, and 
Troostite, 2(Zn,Mn)0,Si02, as well as Zincite ox ^ Red Zme Ore 
(zinc oxide with up to 12 per cent, of manganese as oxide) and 
Franklimte^ 3(FeZnMn)Q + (FeMn)20g, are found in large quantities 
exclusively in the state of New Jersey. 

Methods of Determination 

In technica*i work- the zinc in ores, etc. (with the exception of alloys 
of zinc with copper, nickel, etc.), is preferably determirred, volumetrically, 
either hy <he titration of the a^rpmoniacal solution with sodium sulphide 
(SchaffneFs method)^ or by t^e potassium ferrocyanide method ; the 
latter method is generally employed in England and in the United 
States, the former method in Gern^ianyl -The gravimetric determination 
‘of the zinc a^ zinc siilphide is fafely<used in commercial work. Up to 
the present, none of theemany-^ electrolytic methods prbposed has found 
application to fhe (determination 'of zinc in ores. 
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I. Gravimetric Methods , 

I. Determination of the Zinc as Sulphide, ZnS — This method 
permits of a simple and complete separation of zinc from the metals 
(iron, manganese, nickel, cobalt) which are not precipitated from a 
dilute rhineral acid solution by sulphuretted hydrogen, and is best 
carried «ut in a v«ry dilute solution rendered just acid with sulphuric 
acid. One-half to one gram of the dried finely ground substance (raw 
or calcined ore, residues, ashes, etc.) is dissolved in a flask in hot 
aqui regia (prepared from concentrated acids), or by heating with nitric 
acid saturated with potassium chlorate. Excess of previously diluted 
sulphuric acid is added, and the contents of the flask boiled until dense 
fumes of sulphu/ic acid are evolved. The syrupy residue is taken up 
with water (50 c.c.), sulphuretted hydrogen passed in, the precipitate 
(copper sulphide, cadmium sulphide, le 5 d sulphate, gangue, etc.) filtered 
off, and wished with diluted sulphuretted hydrogen water acidified with 
sulphuric acid. The filtrate is boiled to expel the sulphuretted 
hydrogen, cooled, and after the addition of a piece of Congo red paper, 
neutralised with ammonia until the paper just turns a pale violet 
colour. Any cloudiness due to ferric hydroxide, etc., is removed by the 
addition of a few drops of normal sulphuric acid ; if the liquid becomes 
strongly heated (on account of its being strongly acid), after nearly 
neutralising, it is cooled by placing it in cold water, and then the cooled 
solution further neutralised. Litmus paper cannot be used, since 
neutral solutions of zinc sulphate and of zinc chloride are acid to 
litmus. The solution is diluted according to the amount of zinc it 
contains, so that 100 c.c. does not contain more than o-i g. of zinc. 
The beaker is then covered with a clock-glass and a continuous current 
of sulphuretted hydrogen ^ passed in for one and a half to two hours 
througl^a bent delivery tube with a fine opening. If the precipitation 
of the white zinc sulphide does not begin for a quarter of en hour or 
more, the solution contains too much free acitl ; this will be recognised 
later by ccfhsidcrable amounts qf zinc .sulphide adhering fairly fast to 
the sides of the beaker. Aftei* standing twelve to eighteen hours, the 
solution is filtered thtlough a strong, ash-free paper, the zinc sulphide 
brought on to the paper and washed with wa 4 ;er (^o to 300 c.c.) 
in which about g. of ammonium sulphate* is dissolve( 5 , after the 
addifioh of some sulphuretted, hj^rogdn water. A slight •opalescent 
cloudiness of tfie filtrate, which generally does not appear till after 
the filtration, is due to v^y finely diviefed sulphur, which is fornfed by 
the action of lh<^ oxygen in* tSic air on the sulphurefted hydrogen. 
Before bringihg the precipitate ^ to^the filter paf)er, another beaker is 

t • % • * • • 

• • I • 

^ The conditions for quantftatwfi prccipitali?)n zinc ailphide teen stidicd )y 

H. A. Falls and G. M, VVare, ./. ^nter. Chem» fSoc., 1919, 41, 485^ 
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placed under the long-necked filter funnel, and the first runnings of the 
cloudy filtrate 'poured back until the pores of the filter paper become 
stopped up and the filtrate runs through perfectly clear. The filter 
% paper witht the precipitate is then dried in an air-bath, the zinc 
sulphide removed as completely as possible on to glazed paper, the 
paper ignited in a Rose crucible, previously weighed with the lid (the 
ignition requires about one hour), the zinc sulphidt, togethef with an 
equal volume of powdered roll sulphur, introduced into the cooled 
crucible, the lid placed on, and pure dry hydrogen led in by means of 
the porcelain delivery tube. After all the air is driven out, the crucible 
is heated with a Bunsen burner with a small flame ; when all the 
sulphur has escaped, the temperature is increased to a bright red heat, 
and after strongly igniting for twenty minutes, the crucible is allowed 
to cool in the current of hydrogen. The zinc sulphide precipitate 
may alternatively be filtered on a carefully prepared asbestos filter 
in a Gooch crucible. ZnS X o-67io = Zn. 

The filtrate from the zinc sulphide is evaporated in a large porcelain 
dish over a free flame to about 200 c.c., after cooling, neutralised with 
ammonia, using Congo red paper as indicator, very slightly acidified 
with a little normal sulphuric acid, and then sulphuretted hydrogen 
passed in for an hour. If any zinc sulphide separates after standing 
for some time, it is filtered off and treated as above. The precipitation 
in a very dilute hydrochloric acid solution is not to be recommended, 
because on ignition in hydrogen a loss of zinc ar zinc chloride may 
take place owing to a small amount of ammonium chloride being 
retained in the dry zinc sulphide. A yellovy. deposit on the under side 
of the crucible lid is cadmium sulphide; this is sometimes found in 
determining zinc in brass or German silver, when the copper is deter- 
mined electrolytically, and the solution from the copper neutralised, 
diluted, and the zinc precipitated with sulphuretted ‘hydroge^n. The 
deposit is^weighed together with the zinc sulphide as .such, since the 
separation or quantitative^ determination of the very small quantity of 
cadmium is superfluous. 

In the analysis of German silver {cj\ Nickel, p. 334) several cubic 
centimetres of distilled sulphuric acid are added to the filt’'ate from the 
zinc sulphjde 'oefpre evaporation, otherwise nickel sulphide easily 
separates and adheres firmly to the sides of the dish. On sub- 
sequentmeutralisation of the fe(?lutibn .with ammonia,^ a corresponding 
quantity of ammonium sulphatp is formed, the presence of which is an 
advantage in the electrolytic deposition of tR^ nickel. 

2. The Electrolytic Determinfttioii Of ^inc is of, but little practical 
Importance, since g6od adhesi^^ dep^^»sits of the metal are obtained 
only by very slow depoeitionj^ and"* it ns es-sential to ’^^ork with nearly 
pure zinc solutions^ According to Classeni^good results are obtained, 



VOLUMETEIC METHODS 


295 


for example, if a sulphuric acid solution containing several decigrams 
of zinc is neutralised with potassium hydroxide, 4 to 5 g. of neutral 
potassium oxalate added, warmed to dissolve any precipitated zinc 
oxalate, 4 to 5 g. of potassium sulphate dissolved in the solution (about 
100 C.C.), which is then cooled and electrolysed, first with a current of 
* 0*25 to 0*5 ampere, and finally with i ampere. The zinc is not deposited 
directly 5 n to the platinum electrode (cone or dish), but this latter is 
first coated with a clean electrolytic deposit' of copper or silver, since 
zinc ^deposited directly on to platinum alloys with it, and when dis- 
solved off the electrode by means of acids leaves behind peculiar dark 
spots, and the weight of the electrode after repeated ignition and treat- 
ment with hydrochloric acid does not keep constant. For coating the 
dish with coppei*, a copper sulphate solution acidified with nitric acid 
or a potassium copper cyanide solution is used ; and for silvering, the 
usual silvering solution of potassium silver cyanide, containing 4 to 
10 g. of sHver and 10 to 25 g. of potassium cyanide per litre; it is, 
however, more practical to use dishes of fine silver. The use of 
copper gauze, plated with silver, is recommended by O. L. Barnebey.^ 
When using a silvered or coppered cone or dish, the end of the 
deposition is determined cither by adding about 20 c.c. of a cold, 
saturated potassium sulphate solution and electrolysing for another 
hour, or by taking out a few cubic centimetres by means of a pipette 
and warming with ammonium sulphide. The washing is done without 
breaking the circuital and the cone dipped into water, then into absolute 
alcohol, and dried quickly over a heated dish. Small quantities of iron 
are deposited as metal aloiig with the zinc; the zinc containing iron is 
dissolved off the silvered or silver electrode in warm dilute sulphuric 
acid, the solution cooled, the iron titrated with potassium per- 
manganate and deducted. 

E. F» Smith * states that zinc is readily determined by means of 
a rotating ariose and mercury cathode ; he uses a z*!nc sulphate s^)lution 
containing free sulphuric acid. * 

The numerous other method^ proposed for the electrolytic estima- 
tion of zinc are described in tha literature on electrolytic analysis.^ 

II. Volumetric Metiioijs^ ^ 

I.. Schaffner’s Method {rf, Yq}. I., p. 383). — This consists in the 
precipitation of •the zinc in an ’ammonifical solution as zinc sulphide 
by means of a sodium sulphide s€)Iiftion, whith is added until a 
slight excess is recognised , by ^neaps of an ^indicator. ^ Iron, copp<4r, 

• ^ • 

^ Amer. Chem, SW., 1914, 36, 1144. ^ ^^Uitro-Analvsisy p, 120. • 

^ QC p. 170; alsolBaxter and Grose, ^tne 4 \ Cheti, 38, 868* ZufelenS, 

Chim, AppL 1914, 1 , 302. • ,*• *4 • 

4 Qf ti Technical Assay pf Zinc, ”^Green wood and Brislee, J. Inst, §fefals, 1909, 2, 249, 
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lead, cadmium, manganese, nickel, and cobalt interfere with the 
accuracy of tfte method, and must previously be removed ; the two 
latter hardly ever occur in appreciable quantities in ores of zinc. 
' Sulphide ores (raw and calcined blendes) and residues are dissolved 
in strong nitric acid, aqua regia, brom-hydrochloric acid, or in 
nitric acid and potassium chlorate, calamine in aqua regia; electric 
calamine is best dissolved in 50 per cent, sulphuric acid ^^ith addi- 
tion of hydrofluoric acid (in a platinum dish), evaporated, and the 
iron oxidised with a little nitric acid. The metals precipitated by 
sulphuretted hydrogen (lead, copper, and cadmium) are removed by 
passing the gas into the moderately dilute solution ; the filtrate is 
boiled, the ferrous salts oxidised by the addition of nitric acid or aqua 
regia, the solution much diluted, bromine water added, then saturated 
with ammonia and ammonium carbonate solution, and the iron and 
manganese precipitate filterecf off. If the ore contains above 5 per 
cent, of iron, it is redissolvcd in dilute sulphuric acid, after hashing the 
precipitate for a short time, bromine water (10 to 20 c.c.) added to 
the diluted solution, and the precipitation repeated, since the ferric 
hydroxide precipitate carries down with it a considerable quantity of 
zinc hydroxide. 

The precipitation may also be effected in a 500 c.c. graduated flask, 
which is filled to the mark after cooling, shaken round, and not taking 
into account the volume of the precipitated ferric hydroxide, several 
hundred cubic centimetres are filtered through a dry filter paper, and 
100 c.c. taken for each titration ; in this case it is well to prepare the 
solution of chemically pure zinc which is tp be used as standard in a 
similar graduated flask, and to add approximately the same amount 
of iron (as ferric chloride solution), to dilute, add excess of ammonia 
and ammonium carbonate, make up to 500 c.c., etc. The amount of 
zinc retained by the ferric hydroxide precipitate is then approximately 
the same 'In both solution.s. This method is quicker than the above. 

The excess of ammonia in the solutif)ns to be titrated must be 
slight; it is usual to allow solutions w.ithdrawn by the pipc*tte to stand 
uncovered overnight. The sodium sulffhide solution is prepared from 
a cold, saturated solution of pure crystallised sodium* sulphide by 
diluting wjth fen^to* twenty times the volume of distilled water and 
connecting up a large stock bottle permanently witK a burette. The 
best indicator for the end-pcyi>t is^“ Polka paper,” a^paper sized and 
covered with white Jead ; it prepared for the use of laboratories. 
The titration is carried rOut in beakers anef^the solution stirred with 
a glass rod, which serves for the reVnovhrof drops of liquid frormtime to 
time which ai;e allov^d to drop hi? to the test paper. A modification of 
the method of titration consis^ in^adding,to ^he solution, contained in 
a flask, flakes of freshly precipitated ferVic hydroxide, keeping the 
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solution rapidly rotating during the addition of the sodium sulphide 
solution and continuing until the flakes are blackened. ^The flakes are 
prepared by allowing one drop of ferric chloride solution to fall into 
a little ammonium hydroxide (o*88o) contained in a watch glass and 
pouring off the excess liquid. Direct contact of the sulphide solution 
“with the ‘indicator must be avoided, otherwise darkening occurs before 
the end-ffbint is rcathed. The flask is sometimes held over a plate-glass 
mirror to facilitate the observation of the flakes. The method is 
sufficiently accurate for all technical purposes. 

2? Galletti’s Potassium Ferrocyanide Method. — This method, 
modified by Fahlbcrg,^ v. Schulz, Low,- and others, consists in pre- 
cipitating the zinc by means of a solution of potassium ferrocyanide 
in a solution warmed to 60'’ to 80'', acidified with hydrochloric acid, 
and free from iron, manganese, copper, lead^and cadmium, the end- 
point being recognised by a spot test^ using a solution of uranium 
acetate as^ndicator. 

According to V. Lenhcr and C. C. Meloche ^ the presence of lead is 
without influence on the titration in hydrochloric acid solution, as lead 
can only be titrated with ferrocyanide in acetic acid solution, a small 
quantity of mineral acid being sufficient to prevent precipitation. 

This method is generally used in preference to the sodium sulphide 
method, both in England and in America, as the standard solution is 
more stable. 

The method of# solution for the ore and the separation of the 
interfering metals may be carried out as described under Schaffneris 
method. The alkaline solution thus obtained is neutralised with 
hydrochloric acid, an excess of 5 c.c. added, the solution made up to 
250 c.c. with hot water, and titrated. The solution of potassium ferro- 
cyanide contains 22 g. of the crystallised salt to the litre ; a 5 per cent. 
solution#of uranium acetate is used as indicator. Uranium nitrate or 
ammonium molybdate may also be used as indicators.'* 

The titration in an ammoniacal tartrate solution (sec Special 
Methods, Voigt, p. 298) is sometimes used. 

* III. Special Methoixs of Analysis 

I. For Ores, Calcined Ores, Ashes, Residues, e4c. 

LvsS OH Ignition , — A few j^ranis of calamine or clectri^ jalamine 
are w^eighed in^a porcelain crucible, gradually heated up to strong 
ignition, and the loss in weight (carbbn^dioxide 3 nd water) detewnined 
after c(joling. • 

^ Fresenius, Quantitative ,'hia/ysi^ Jth ii., p. 283> 

* «. 1893, 52,^38» * t • ^ 

I A met, CAem, Soc.^^ >9l3j«3S, 134. €/% Nyman, C/iem, New^, 1919, 119, 75 * 

* Nissenson and Kettemb(?ll, t hem, Zeit^ 1905, 27> 59 i» • 
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Sulphur {cf, Vol. I., p. 383). 

In the woAing of the calciners, the roasted blendes are tested to see 
if sufficiently calcined by gently warming a measured quantity of the 
^ fine powder in a small flask with 10 c.c. of hydrochloric acid (i :2), at 
the same time holding a strip of filter paper moistened with a dilute 
alkaline solution of lead acetate in the neck of the flask. TKe degree* 
of calcination is judged from the intensity of the loloration^produced 
on the paper. 

Zinc — Voigfs Volumetric Method, — Forty-six grams of pure 
crystallised potassium ferrocyanide is dissolved and the solution made 
up to I litre. For standardising, 12-45 g. of chemically pure zinc 
oxide is dissolved in hydrochloric acid, the solution diluted up to i 
litre, and stored in a well-stoppered bottle. One c.c.# contains exactly 
10 mg. of zinc. Ten c.c. is withdrawn with a pipette, 10 c.c. of a 
solution of tartaric acid (200 in 1 litre), 10 c.c. of a ferric chloride 
solution (60 g. in i litre), and 100 c.c. of water added, ammronia added 
in slight excess, and the solution titrated with the solution of potassium 
ferrocyanide, until a permanent blue colour is produced on removing 
a drop and adding it to acetic acid (i : 3) on a pitted porcelain plate. 
The first definite blue coloration must be taken as the finishing point ; 
this should show immediately and is not to be confused with the blue 
colour which appears after standing one or two minutes. After carrying 
out the preliminary and control titrations, the solution of potassium 
ferrocyanide is diluted so that i c.c. corresponds accurately to 10 mg. 
of zinc. 

For the determination, i g. of the finely, ground ore, dried at loo'll 
is warmed with 10 c.c. of fuming hydrochloric acid until all the 
sulphuretted hydrogen is completely driven off, 3 c.c. of fuming nitric 
acid is then added, and the solution considerably evaporated, but not 
quite to dryness. Ten c.c. of the solution of tartaric acid is ihm\ added, 
also iac.0. of the ferric chloride solution, if necessary, the* solution made 
slightly amrnoniacal, diluted with water to 100 to 120 c.c., and titrated 
as above. , 

Lead and Iron . — Five grams of the? finely ground and sieved ore 
is dissolved in hydrochloric acid and fuming *nitric ac<d, 10 c.c. of 
distilled sulphhric acid added, and the solution boiled till white 
sulphuric acid fumes are evolved. The copied masses moistened with 
75 c.c. €>f#water, and then WjUed •and cooled. Th^ separated* lead 
sulphate, together with the ^angue, is filtered off, washed, and 
the filter paper with its^ contents digested**;!! a beaker with a con- 
centrated soliftion of sodium acetate Vr •neutral apimonium •acetate 
to dissolve lead sulphate.* , Thei lead in •this solution may be 
determmeH volumetricaily * b^^ tUfation with, ammonium molybdate 
solution using tannip as an indicator (see p.*«3o), or may be determined 
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gravimetrically as follows The solution is filtered through a smooth 
filter paper which is well washed with water containing acfetate,the lead 
in the filtrate precipitated with potassium bichromate, and after settling, 
the precipitate filtered off on to a Gooch crucible and washed ten times 
with warm water. The crucible is then removed from the filter-flask, 
•cleaned eternally and dried, first in an air bath, and finally at about 
200^ PbCrO^xo-ditii = Pb. 

The iron is determined in a twentieth part of the filtrate from the 
lead sulphate and gangue, by reducing with zinc after the addition of 
sulphliric acid, testing with potassium thiocyanate, and titrating the 
cooled solution, acidified with sulphuric acid, with potassium per- 
manganate. 

Fluorine ^, — It is frequently necessary to determine fluorine in zinc 
ores and concentrates, and the following is the standard method 
generally used. 

Half to^ one g. of the material (according to the amount of 
fluorine present) is fused in a porcelain crucible with ten times its 
weight of a mixture of equal parts of sodium carbonate and potassium 
carbonate until the whole mass is in quiet fusion. The temperature is 
raised to bright redness, and the fused mass is poured into an iron 
mould. The crucible is broken into small pieces and transferred along 
with the fused mass to a 6-inch agate ware casserole (agate ware is 
preferable to porcelain as diminishing the liability to subsequent 
“bumping”). Two, hundred c.c. of distilled water is added, and the 
whole digested for one hour at a temperature near the boiling point, 

^ the fused lump being broken up with a thick glass rod. If, at the end 
of this time, any undecomposed lumps arc noticed, they arc removed 
with the pincers and ground in an agate mortar and washed back 
into the casserole wdth hot w^ater. 

The ^’hole is*boiled for ten minutes and filtered through a loose 
filter into a beftker of about i litre capacity and washed first* with hot 
water then wdth a* hot solution of ammonium* carbonate. The residue 
is discarded To the filtrate lo^g. of ammonium carbonate is added 
and the solution boiled for fi¥e minutes, and afterwards allowed to* 
stand in the ^old for ^wo hours. It is then filtered through a loose 
filter into a 6-inch agate ware casserole (as much as possible of the 
fluid being decantJ:d) and wa.shed with cold w^ater once or twice. In 
orderTo* eliminate traces of sili(^, 2f) eg.^f an emulsion of mxm: oxide 
in ammonia is a3ded and boiled with the^asserole uncovered, until the 
.odour of ammonia is no logger detccte*d. It is^hen filtered into a bfeaker 
and wa^ied with h^t water. -T^ fhe ffitrate a solution of calcium chlori<Je 
is added while stirring with a si^bbej-Tippcd gla;^ rod, until no more* 
precipitate is fofmed. Th^^ procip1latc*is*all«)wed to subside, filtered 

^ K/, also VoL J.> P- 387* 



m 


ZINC 


r 

and washed with hot water. The filtrate is tested for carbonates and 
fluorine with^a few drops of the calcium chloride solution. The 
precipitate is transferred along with the filter paper to a platinum 
‘ dish of suitable size, dried and then ignited at a red heat for twenty 
minutes. It is cooled and the mass disintegrated with hot water. 
Acetic acid is added until the solution is clear, which is then evaporated 
to dryness. The mass is moistened again with acetiC'acid and evaporated 
until the odour of acetic acid is no longer perceptible. 

The mass is washed into a beaker with hot water, hot water added 
until the calcium acetate is dissolved, then about 150 c.c. more of hot 
water is added, and the solution w’ell stirred, digested for a few minutes 
at a gentle heat and filtered, washed first with hot water and then with 
hot ammonium chloride solution, and again with hot water. The 
precipitate and filter paper are transferred to a platinum dish, dried 
and ignited. After cooling and moistening with cold water, 6 c.c. of 
strong sulphuric acid is added and heated for a few minutes, then 
cooled, diluted and transferred to a beaker. Five g. of ammonium 
chloride is added, the liquid boiled for a few minutes, cooled, and an 
excess of strong ammonia water added. Then 2 or 3 c.c. of strong 
hydrogen peroxide solution is added, boiled and filtered. The 
calcium is precipitated from the filtrate with ammonium oxalate 
and determined as CaO in the usual manner by titration with 
permanganate. CaO x 0-6763 = fluorine. 

Coincidently with the above determination thare should be carried 
out a “blank** experiment, employing the same reagents in the same 
quantities, and carried out in precisely the ^ame manner as the above, 
but with the omission of the material under analysis. The result of 
this “blank,** if any, is deducted from the result arrived at in the 
determination on the ore. 


2^ For Metallic Zinc {Crude Zinc, Spelter, and Zinc Dust). 

(a) Crude Zt7tc . — This invariably contains lead, some iron, cadmium, 
suspended carbon, and traces of sulphur as impurities; in addition, 
small quantities of tin, copper, silver, arfd arsenic are frequently present, 
traces of antimony and silicon being rarely found. 

In smqltin^ wprks pnly the lead and iron are usually determined. 
Five grams of the cut-up borings from several plates arc warmed in 
a covered porcelain dish withjSO c.& oFdilute sulphuric acid (i 14), and 
after the evolution o( hydrogeij has ceased i c.c. of nitric acid (sp. gn 
1^2) is added. The solution is evaporated a^d heated on the sand-bath 
until sulphuric acid fumes are cop*iousfy^e^olved, aft<<^r which the cooled 
'residue is^ heated fo^ some time* an a foiling water bath with 50 c.c. of 
water, the solution then cooled, ^th*e lead ^Ipjiate collected on a small 
filter paper, and determined in the usual w^y. To an aliquot part of 
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the filtrate (icx) c.c.), S c.c. of ordinary 25 per cent, hydrochloric a^id is 
added, and sulphuretted hydrogen passed in ; the cadmium sulphide thus 
precipitated may be determined as described below. For the determina- 
tion of the iron, $ to 10 g. of the drillings are dissolved in hot, dilute 
sulphuric acid, the solution decanted off from undissolved lead, and the 
■iron titrated in the cooled solution with potassium permanganate. 

(/;) Commercial •Zinc (^Refined Zinc ), — This contains the same 
impurities as crude zinc in smaller quantities. The following 
method of F. Mylius and O. Fromm’ gives very good results: — 
Two hundred c.c. of water is poured over 100 g. of an average sample 
in a flask of about 2 litres capacity, and the amount of nitric acid 
necessary for solution added in several portions, finally healing. The 
solution is then cpoled, an excess of ammonia added until all the zinc 
hydroxide is redissolved, diluted to about 2 litres, and very dilute 
ammonium sulphide solution added in^maTf^qiiantities, shaking the 
solution round during the addition, until the freshly-formed precipitate 
appears white, like pure zinc sulphide. On warming the solution to 80"", 
the precipitated zinc sulphide is quickly decomposed by the other 
metallic salts, so that all the lead, cadmium, copper, silver, and 
bismuth pass into the precipitate. When the solution has cleared, 
it is filtered ; the precipitate is then dissolved off the filter paper in 
hot dilute h3Tlrochloric acid, whereby any copper and silver present 
as sulphides remain undissolved, and may be separated and determined 
in the usual way. ^The hydrochloric acid solution is evaporated with 
excess of sulphuric acid to separate the lead, the residue taken up with 
water, some alcohol added^ and the lead sulphate filtered off. The 
alcohol in the filtrate is removed by evaporation, the solution neutralised 
with ammonia, 10 c.c. of 25 per cent, hydrochloric acid (sp. gr. 1*125) 
added for every 100 c.c. of liquid, and the cadmium precipitated as 
cadmium^ulphidC: by passing in sulphuretted hydrogen for a long time. 
The precipitate is filtered off, dissolved in hot nitric*acid (sp. gf. 1^2), the 
solution evaporated in a weighed porcelain crhcible with a slight excess 
of sulphuricf acid, the free sulphujric acid driven off, the residue gently 
ignited, and weighed as cadmium sulphate.'^ CdS04XO'5392 = Cd. ■■ 
Larr's^ method is Somewhat similar but requires only lo g. of the 
sample. • • 

The sulphuretfed hydrogen is expelled from the filtrate from the 
cadmfuni sulphide by boiling, the iroi\ ^xidised with bromine: water, 
the solution saturated with arn'tnonia, the ferric hydroxide filtered off, 
and dissolved in a little Jhydrochlorfc acid rgprecipitated and finally 
weighed as ferric jDxide. • • 

^ Z auul, (Hum,, i5y7, 36, 37* • • • 

'■ Cf. A. M. Kairlic, Mtlal /#</., 3t ^ InUT Afetah, 1911 , Si 33*- 

® j. Soc. Chem. Ind., I9*4M3> 77- , , * 
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Sulphur, arsenic, and antimony are determined by O. Gunther’s 
method.^ One hundred grams of drillings obtained by boring com- 
pletely through several plates, are placed in a large flask, the air in 
which is then completely driven out with a current of pure hydrogen, 
absolutely pure dilute sulphuric acid run in, and the evolved gas passed 
first through a wash-bottle containing potassium cadmium cyanide 
solution, and then through a second wash-bottre containing silver 
nitrate solution. When the evolution of hydrogen ceases, pure 
hydrogen is led into the flask for some time through the funnel tube 
which passes to the bottom of the flask and which is bent up at the 
end. In the first wash-bottle all the sulphur separates as cadmium 
sulphide, which is filtered off and converted into cadmium sulphate 
(see above) and weighed. In the second wash-bottle silver antimonide 
and metallic silver separate, whilst all the arsenic is in solutiorKas silver 
arsenite. These decompositions take place in accordance with the 
equations : — '' 

SbHg + sAgNOg + aq - Ag.Sh + 3TINO.J 4- aq, 
and 2ASH3+ i2AgNO.jH-3HoO == i2Ag + J2HNOy + As^Oy. 

The precipitate (silver and silver antimonide) is filtered off, dis- 
solved in nitric and tartaric acids, the silver precipitated as chloride 
with hydrochloric acid, the antimony in the filtrate precipitated (after 
diluting and nearly neutralising) with sulphuretted hydrogen, and 
finally determined as antimony tetroxidc. The arsenic present may 
be calculated from the above equations, if from the total silver given 
by the weight of silver chloride, the silvei; present as combined with 
antimony, is deducted ; then 12 Ag = 2 As. 

When the zinc under examination is likely to contain a high 
percentage of lead (i to 3 per cent), it is advisable to separate the 
antimony, perhaps also the arsenic, by ordinary gravimetrica methods, 
since , under such conditions the antimony is not completely evolved as 
hydride on treatment with dilute sulphuric acid. The portion of the 
antimony in combination with the , zinc, appears to be" evolved as 
" hydride, whilst the remainder is found to be associated with the residue 
of spongy lead. 

If arsenic only is to be determined, 10 g. or more of the sample is 
oxidised by the addition, from time to tjme, of strong nitric acid, the 
solution evaporated, and the' ovaporation repeated jyith considerable 
quantities of pure hydrochloric acid. ‘The solution is transferred to 
a flask, pure fuming Ihyda'ochloric acid and l^rrous sulphate added, and 
^il the arsenii* distilled off as arsehic dhloride (p. 205J. Prauss^’ method 
Arsenic, SpeciahMethods, 6, p. 2&>) may also be employed and the 
sample dissolved in pure dilute sufphiiiric ^id» 

c * ' 

1 Z. anal^Chem,^ l88i, 20, 503 ; J* Soc, CHim» Jnd»^ 1882, 1, I18. 
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Tin is determined by digesting a large sample with an insufifcient 
quantity of dilute sulphuric acid to effect complete ’soljution, decom* 
posing the residue, after washing by decantation, with strong nitric 
acid, boiling after addition of water and filtering off the stannic acid. 
In spelter made by melting up old zinc several tenths per cent, of tin 
•(from the solder) are frequently found. 

Silicon, which s«ldom occurs in spelter, is determined in the same 
way as in aluminium. A large sample is dissolved in pure sodium 
hydroxide by w^arming in a platinum dish, the solution saturated with 
hydrochloric acid, evaporated to dryness, the silica rendered insoluble 
by prolonged heating of the residue to 150°, warmed with hydrochloric 
acid and water, the silica filtered off, washed with a large quantity of 
hot water, ignited, and, after weighing, treated with hydrofluoric acid 
and one,drop of sulphuric acid, evaporated, the sulphuric acid evapor- 
ated off, the residue ignited, weighed, ^nd'me weight of pure silica 
estimated from the difference. SiO„ x 0-4693 = Si. 

[c) Zhic Dtist} — Zinc dust consists of an intimate mixture of finely 
divided metallic zinc (up to over 90 per cent.) and zinc oxide, together 
with some cadmium, iron, lead, arsenic, small particles of ore, and 
carbon. In commerce a product guaranteed to contain 90 per cent, of 
metal is usually demanded. The real content of metallic zinc can be 
arrived at only by a complete analysis. For the technical analysis the 
reducing action of the zinc on chromic acid, ferric salts, etc., is deter- 
mined, or the volump of the hydrogen evolved on treatment with dilute 
acids is measured. Of the many methods proposed, that of Drewson^ 
is frequently employed ; it depends on the reduction of chromic acid to 
chromium oxide by the action of dilute sulphuric acid on zinc dust in 
presence of a measured quantity of a solution of potassium dichromate 
of known strength, and titrating back the excess of dichromate with 
a soluti<jn of ffcrrous sulphate. The equations representing the 

decompositions are : — 

* 

K,Cr2g. + 3Zn + 7TT,SO, - 3/^nSOt -1- K,SO, + 

and Kj^Cr^O^ + 6FeSO, - t:r,(SO,,),+ 3Fe,(SOJ, + 2KllSO^^ 

1 he potassium diclfromatc solution is prepared by dissolving 40 g, 
of the pure fused salt in i litre, and the ferrou^s 6ulj)hate solution by 
dissolving about 200 g, of the non-effloresced salt in i litre of dilute 
sulphCirKi acid For detefmiiiii^g the relation of • the two 

solutions to one another, 20 'ex. of the iron solution is accurately 
measured out into a bealfer, several *c.c. of sulphuric acid and ifo c.c. 
of wates added^ ^pd the dith!*dhiatfi solution run in frbm a buretFe 
until a drop of the iron solulii)n ^hen ^brougl!t on 1,0 a drop of 

' C/, Edwands, €J/em, Egg, ^ 1919* 2I, 192, 

Z, anal, Chetm^ 1880, 19, 50, ^ 
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potassium ferricyanide on a porcelain plate shows no blue or green 
coloration. It is well to make a preliminary test with 20 c.c. of the 
iron solution by running in i c.c. of the dichromate solution at a 
time, stirring, taking a drop out, testing, etc., thereby arriving at the 
approximate amount of dichromate solution required ; or this may be 
calculated from the equation if pure ferrous sulphate 01 ferrous^ 
ammonium sulphate is used. s 

For the determination, 0-5 g. of zinc dust is introduced into a 
beaker, 50 c.c. of the dichromate solution and 5 c.c. of dilute sulphuric 
acid (i : 3) added, the mixture stirred round .several times, a further 
5 c.c. of dilute sulphuric acid added, and frequently stirred for a quarter 
of an hour. When all but a slight residue is dissolved, 100 c.c. of water, 
10 c.c. of distilled sulphuric acid, and 25 c.c. of the^ ferrous sulphate 
solution are added, stirred round, and the ferrous sulphate solution run 
in from the burette, i ce. at *71 time, stirring between each addition, 
until a drop of the solution gives a distinct blue coloration with the 
potassium ferricyanide. The solution is then titrated back with the 
dichromate solution until the blue colour disappears. From the total 
amount of dichromate solution used, the number of cubic centimetres 
corresponding to the added ferrous sulphate is deducted ; the weight of 
potassium dichromate in the remaining amount of dichromate solution, 
multiplied by 0-666 1, gives the content of metallic zinc. Since the 
small quantities of metallic iron and cadmium present also reduce 
corresponding quantities of chromic acid, the content of zinc always 
comes out too high, 

A rapid method of valuation, due to Wahl, also depends on the 
reducing properties of zinc dust. One-half gram is shaken up with 
water till completely wetted, 15 g. of pure iron alum added, and again 
shaken ; the ferric sulphate is reduced according to the equation : — 

Fe,(SO,),4-Zn - ZnS04 + 2FeS04. 

Af 1 :er the decomposition, 25 c.c. of sulphuric acid is added, the 
solution diluted, cooled, made up to 250 c.c., and the ferrous salt in 
•50 c.c. titrated with permanganate, after the addition of potassium 
fluoride or phosphoric acid. It is advisable to pass carbon dioxide 
through the flgsk during the decomposition. 

R. FrdSenius •proj^sed to determine the convent of zinc from 
the volume of hydrogen evolved 911 treatment with acids, a method 
which is most frequently u#2a. F. Meyer ^ has described a special 
appasatus for this determination. An azetometer (Vol. I., p. 75), 
nitrometer CSJol. I. p. 78^, or gas volum«tar (Vol. I., p. 83) may, also be 

jemployed. A simpler apparatus has Jbeen devised by O. Bach.^ The 
. . • • • • * * 

.> Z angew, Clum. 189?, 7, 231, 43? ; J. Oitem. ^c. .Jto/-., 1894, 66, 332. 479- 
2 Z. Chem., 1894, 7, 291^, f.Chem. Soc. Akstr., 1894, 66, 40a 
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volume of liberated hydrogen must be reduced to normal temperature 
and pressure and corrected for the presence of aqyeous vapour. 
Taking the weight of i litre of hydrogen as 0 08998 g. and 65-37 as 
the atomic weight of zinc, the number of cubic centimetres of hydrogen 
evolved must be multiplied by 0*002918 in order to arrive at the 
•weight of zinc contained in the zinc dust. It is to be borne in mind 
in these methods ^at the metallic impurities in the zinc dust (iron 
and cadmium) react like zinc itself. 

3. For Alloys. 

Alloys containing zinc (brass, etc.) are analysed by the methods 
given on pp. 220 ctseq. Zinc alloyed with a little tin (up to 5 per cent.) is 
frequentlj^used ^or castings. For the analysis, 1 to 2 g. is treated with 
strong oitric acid (which causes the tin oxide to separate in a more 
dense form than by using the usual acid'iSr sfT gr. 1*2), 100 c.c. of boiling 
water addetd, boiled for five minutes, the stannic acid filtered off, and 
further treated as in the analysis of bronze (p. 216). 

Alloys of zinc and aluminium ^ are analysed as follows: — One-half 
gram of the drillings is dissolved in a beaker in 25 c.c. of a 25 per cent, 
sodium hydroxide solution, the contents of the beaker warmed until 
rapid evolution of gas takes place, and then allowed to stand until 
solution is complete. The solution is diluted to 300 c.c. with boiling 
water, and any undissolved iron, copper, lead, tin, or nickel allowed 
to settle. The clegir liquid, which contains nearly all the zinc and 
aluminium, is decanted, and the residue washed twice by decanta- 
tion. This residue is dissolved in hydrochloric acid, diluted to 20 c.c., 
neutralised with sodium hydroxide (i : 10), and 2 c.c. of the latter added 
in excess. After warming, the precipitated hydroxides are filtered off 
and the filtrate and washings added to the main bulk of solution. The 
zinc is then precipitated by means of sulphuretted hydrogen, the treat- 
ment being ccftitinued until alumina begins to be precipitated wjth the 
zinc sulphide \ this point is easily recognised by the formation of a skin 
at the point where the bubbles of gas burst. The presence of a small 
amount of alumina (up to lo^per cent.) doqs not interfere with the 
ferrocyanide piethod cff determination.” The zinc precipitate is allowed 
to settle, filtered, washed once only, dissolved in 3 c.c. gaf hydrochloric 
acid (i : 10), the solution diluted to 250 c.c. wifti boiling wSter, 5 g. of 
ammonfum chloride added, and j^he^in^efetermined by the fe^rgeyanide 
method. * • • 

Hard zinc, or zinc bot#0ms from tfhe^galvapismg of iron, contain up 
to 6 pe^; cent, of iron an<f savorapl per cent, of lead. Forgtheir analysis 

several grams^of turnings are ^yJrmcd•in a flask# with a large excess 

a ^ * • * * • 

^ R. Seligman and F^J. Soc, Chem, /«</., *1905, 14, 1278. 

^ Miller and Hall, Colutt^ia School of ^fmi^ Quarterly^ 1900, Zlfiii.), 267. 
lU ‘ * U 
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of dilute sulphuric acid (i : 5) until the evolution of hydrogen ceases, 
the solution is (decanted off from the separated spongy lead, cooled, and 
the contained iron titrated with permanganate. The lead is dissolved 
in a little nitric acid, the solution evaporated with sulphuric acid, and 
the lead determined in the usual way as lead sulphate. 

4. For Waste Zinc and Ashes. 

A large sample of waste zinc from the melting up of old zinc (fusion 
ashes), and of zinc ashes from the galvanising of iron (sal-ammoniac 
slags) is sieved into fine and coarse material, and the latter pounded 
in an iron mortar until the small pieces of metal are freed from the 
covering of oxide. The ground-up material is sieved, the coarse and 
the fine, together with the previously sieved material, weighed separately, 
and proportionate weignr..gs ^f each taken so as to give a working 
sample of 10 g. The sample is dissolved in strong hydrochloric acid 
(for ashes rich in lead it is better to use nitric acid), and the solution 
made up to i litre without filtering. In 100 c.c. of this solution lead 
and copper are precipitated with sulphuretted hydrogen ; the filtrate 
is boiled to expel the sulphuretted hydrogen, iron and manganese 
separated and the acidified solution titrated with potassium ferro- 
cyanide (p. 297). 

Determination of Chlorine in Sal-ammoniac Slags. — An average 
sample of 5 g. is shaken up for some time in the cold with a large 
excess of dilute nitric acid (one volume of acid of sp. gr. 1.2 diluted 
with one volume of water), the solution filtered into a 500 c.c. flask,' the 
flask filled up to the mark, icx) c.c. of the solution taken, and precipitated 
with an excess of silver nitrate. The silver chloride is finally weighed 
as such and the content of chlorine calculated. AgCl x 0-2474 = Cl. 

Zinc White Residues consist of coarse particles of zinc oxide 
together with a little metal and sand. One gram is dissolved in hot 
hydrochloric acid and a fow drops of nitric acid, the solution saturated 
with ammonia, heated, filtered, and one-fifth of the filtra.te titrated 
with sodium sulphide, or after acidifying with hydrochloric acid, with 
potassium ferrocyanide solution. o 

Residues ane^Flue^ dust are analysed in the same way as ores; flue 
dust generally contains considerable quantities of'-lcad oxide, lead 
sulphatCj etc., in addition to zinc cycide. ' 
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Greenockite^ CdS, is the most important of the few cadmium minerals 
known; it contains 77-6 per cent of cadmium, is most frequently met 
•with as ar yellow earthy deposit on zinc blende, and is of no technical 
importanoe; cadmium is found much more frequently as sulphide 
or carbonate in zinc ores which contain from traces up to 0-3 and 
occasionally up to o*8 per cent The metal is prepared at zinc smelting 
work? as a by-product in the production of zinc, from zinc fume, from 
the zinc dust collected in the early stages of the distillation, and from 
flue dust, and is purified by distillation. 

Cadmium alsp occurs with zinc minerals in certain lead and copper 
ores and is recovered from the fume collc^d^d^in bag houses through 
which the blast furnace gases are passed, fhc amount of cadmium 
present in the original ores is generally less than o-i per cent.^ 


I. Gravimktric Methods of Determination 

I. Determination as Cadmium Sulphate. 

When precipitated from moderately acid solutions with sulphuretted 
hydrogen, cadmium sulphide, if free from sulphur, may be collected 
on a weighed filter paper, and after drying at 100'', weighed as such. 
According to T. Fischer, it is precipitated quantitatively, free from 
zinc, from solutions which, contain 10 c.c. of ordinary 25 per cent, 
hydrochloric acid (sp. gr, M25) and i g. of crystallised cadmium 
sulphate per 100 c.c. Cadmium is best determined as sulphate ^ by 
dissolving the cadmium sulphide in hot dilute nitric acid, evaporating 
the solution in a weighed crucible with a slight excess of sulphuric 
acid, driving off the sulphuric acid, and igniting the residue nnft)d«rately 
strongly. CdSO^X 0*5392 = Cd. Cadmium may also be precipitated 
as hydroxidfe from pure solutions, ignited separately from the filte^ 
paper, and weighed as oxide. 

Separation^ of Cadmium from other Metals (cf also the Analysis of 
Commercial Lead, p. 234; Wood’s Metal, p. 2S4;^aild^pSlter.p. 301). — 
Any lead present is separate^ as sulphate ; if the solution, containing 
ten to* tfiirteen volumes per cent, df hycj'ochloric acid (see *above) is 
precipitated with sulphuretted* hydrogen and thf washed precipitate 
treated with ammonium ^?ulphidc, only copptr and bismuth are left 
to be SMarateef ftom the cidftifum.* The sulphides are* dissolved in 

'• , • • • 

^ QC N. F. Budgen ^Cadmium y Us Metallurgyy pfopeiitiesfand Uses, Londd!!, 1 ^ 4 . • 

® Cfi also Standard Methods of Chimicat Analy^isyf^, W. *Scott, 1925:^ 1^* van Nostrand 
Company, New York. 
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hot, dilute nitric acid, the solution evaporated, the bismuth separated 
as oxychloridf, cadmium and copper precipitated in the filtrate from 
the bismuth oxychloride with sulphuretted hydrogen, and small 
quantities of copper dissolved out of the precipitate by means of 
warm potassium cyanide solution. If much copper is present, the 
precipitate is dissolved in nitric acid, the solution evaporated, and' 
the copper deposited electrolytically from the Solution containing 
over 5 per cent, of sulphuric acid ; or, the nitric acid solution is 
neutralised with potassium or sodium hydroxide, warmed with an 
excess of potassium cyanide, the cadmium precipitated as sulphide 
by the addition of a little ammonium sulphide solution, and finally 
estimated as cadmium sulphate. Cadmium is separated from large 
quantities of zinc, and smaller quantities of iron, and manganese 
(solutions of ores) by, warming the solution, after the separation of 
the lead as sulphate, with a good excess of sodium hydroxide, 
diluting, cooling, filtering, washing the precipitate with •water con- 
taining some sodium hydroxide, extracting the cadmium hydroxide, 
with ammonia, neutralising the ammoniacal solution, adding ten 
volumes per cent, of hydrochloric acid, passing in sulphuretted 
hydrogen, in the cold, and thus precipitating pure cadmium sulphide, 
which is converted into sulphate. In solutions of common calamine 
containing much iron and aluminium, the lead is separated, the 
filtrate treated with sulphuretted hydrogen, the cadmium sulphide 
containing zinc sulphide dissolved in a measured quantity of hot 
hydrochloric acid, the solution diluted until it contains ten volumes 
per cent, of hydrochloric acid, and the;i pure cadmium sulphide 
precipitated by means of sulphuretted hydrogen. 

2. Electrolytic Determination of Cadmium. 

Cadmium may te determined electrolytically from* its solution in 
various electrolytes. A*' potassium cyanide solution is very largely 
used for this purpose. The cadmiunj from i g. of ore is first obtained 
**as chloride or sulphate solution free frt)m other metals, precipitated in 
acid solution by sulphuretted hydrogen, and thS solution evaporated, if 
necessary, to foo^c.o, or less. A few drops of phenolphthalein solution 
are added, and then pure sodium or potassium fiydroxide solution, 
until a# permanent red colour is oBtai»cd. A concentrated solution of 
pure potassium cyanide is tnen added'until the precipitated cadmium 
hydrbxide is completely dissoVed ; an exciss must be avoided. The 
Elution is cKluted to lOO to 12$ c.c!, ^dated to 69"*, ‘and electrolysed 
• with a curre/it of = 0 04? 1 ^ ampere at 2*9 to 3-2 volts. The 

deposlfio^n is usually complete in from four to, six hours ; when finished, 
the electrode* is \yashed with! h^t water, then with alcohol, and finally 
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dried at ioo° and weighed. The deposition can also be effecte</ from 
a sulphate solution,^ and rapid deposition accomplished »by means of a 
rotating anode used at 600 revolutions per minute. 

II. Volumetric Method 

• 

A cadmium sulghide precipitate is frequently titrated with iodine in 
the determination of sulphur in iron and steel by the evolution method, 
and this process may also be used in the determination of cadmium.^ 

Tihe cadmium sulphide after separation from other sulphides, as 
already described, is filtered and washed ; the filter paper containing 
the precipitate is transferred to a beaker, a slight excess of hydrochloric 
acid is added and the solution titrated with N/io iodine solution, starch 
solution being atlded towards the end of the titration as an indicator. 
One c.c.‘ N/io iodine = 0*00562 g. cadmir«^--*>^';^p. $8). 

An alternative method of carrying out the titration is to add excess 
of the iodine solution and titrate back with standard thiosulphate 
solution. 


HI. Analysis of Zinc Ores and of Metallurgical 
Products containing Cadmium 

Ores^ Zhic funiCy and Flue diisi, — W. Minor‘s dissolves ores, etc., 
in hydrochloric acid or aqua regia; the solution is evaporated with 
excess of sulphuric *acid to separate the lead, filtered, and sulphuretted 
hydrogen passed into the filtrate, whereby cadmium sulphide contain- 
ing zinc sulphide is precipitated. The precipitate is dissolved in hot 
hydrochloric acid, the sulphuretted hydrogen driven off, hot sodium 
hydroxide solution added, the solution boiled, the cadmium hydroxide 
filtered off, washed first with i per cent, sodium hydroxide solution 
then with hot, water, dried, the filter paper ashed. in a Rose’s crucible 
at a moderate heat, the lid placed on, and 03 gygen led into the crucible, 
which is igpited to a dull red heat. The cadmium oxide remaining is 
weighed. CdOx 0-8754 = Cd.^ ’If the filter ash is heated too strongly 
some cadmium may yolatilise; it is better, therefore, to dissolve the 
washed hydroxide in hot, dilute hydrochloric acid, evaporate the solution 
down in a weighed porcelain crucible with a sltglit tixeess »f sulphuric 
acid,,aivl estimate the cadmium as^sulphate (p. 307). 

If sodium thiosulphate is gilded to*aJhot hydrochloric of sulphuric 
acid solution of a zinc ore^and the solution boiled^ no cadmium sqlphide 
is precipitated., 

^ ^ E, F. Smith, Eleciro»^nalysts^ p. ^ and K«llock and SmiA,yi Amer, Chem. Soc,y 1899, 

21, 925- • * * * * . * • * 

2 W, W, Scott, Standard Methods})/ Chefnical Atial^isy 1927, pp. 103, SQI, 686. 

3 Chem, ZeiU^ 1890, 14, 4, 34, 3^8 ; Chem. Soc, Ahtr,^ 1891, 6c^ 1 1 2. 
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Ztnc dust — An average sample of from 20 to 40 g. is dissolved 
in a moderate# excess of hydrochloric acid, the solution filtered, 50 or 
ICO c.c. of the filtrate (made up to i or 2 litres) taken, diluted to 300 to 
“500 C.C., sulphuretted hydrogen passed in, the precipitated cadmium 
sulphide, containing zinc, dissolved in a measured quantity of hot^ 
hydrochloric acid, the solution diluted so as to contain ten volumes 
per cent, of hydrochloric acid, pure cadmium sulphide precipitated with 
sulphuretted hydrogen, and weighed as sulphate as above. According 
to J. J. Fox 1 the presence of trichloracetic acid avoids the necessity for 
reprecipitation. 

Crude Zinc and Spcltcrr-^ K\\ average sample of 25 g. is warmed 
with insuflficient dilute hydrochloric acid to effect complete solution, the 
solution decanted off, the residue containing all the cydmium and lead 
is dissolved in dilute ni^m ^.cid, the solution evaporated with, a slight 
excess of sulphuric acid, th’eT^idue taken up with water, and the lead 
sulphate filtered off; 10 g. ammonium chloride is added to 'the filtrate, 
sulphuretted hydrogen passed in and the precipitate filtered off. This 
impure precipitate is dissolved by boiling in dilute sulphuric acid (i : 5), 
the solution diluted proportionately and cadmium sulphide again 
precipitated by means of sulphuretted hydrogen. The cadmium 
sulphide is dissolved in dilute hydrochloric acid (i : 3) and the solution 
is evaporated with sulphuric acid and the cadmium sulphate weighed. 


IV. Metallic Cadmium 

The commercial metal generally contains over 99-5 per cent, of 
cadmium ; the chief impurities arc zinc, a little lead, iron, and 
copper, and sometimes tin, arsenic, nickel, and thallium. 

For the analysis, 2 g. is dissolved in a covered dish by warming 
with 50 c.c. of 10 per cent, sulphuric acid with the addition of some 
nitric Stcid, the solution c^vaporated, the residue taken up with water, 
the lead sulphate filtered off, and the copper deposited electrolytically 
from the filtrate in a large platinum cfupible. The solution, freed from 
copper, is diluted in a beaker to about 400 c.c., *40 c.c. of hydrochloric 
acid (sp. gr. 1*^25) added, sulphuretted hydrogen passed in for a long 
time, until •all the V:adnAium is precipitated as sulphide, which is filtered 
off and washed with dilute sulphuretted hydrogen water containing ten 
volumes per cent, of hydrochlbrm acid.*\The filtrate {fom the cadmium 
sulphye is evaporated to drive off the hydrochloric acid and most of 
tlv* sulphuric acid, the cooled residue takeu u*p with water, and a slight 
excess of sodium cj^rbonate added. The solutionis iDoiled^'for ten 

• J. Cktm. Soc., Ifl07, 91, 964! . 

2 Standard method of ^.merican Socitky far Testing Ma?erials, /k<4 Eng. CAem., 1915, 7, 547. 
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minutes, the zinc carbonate containing iron filtered off and washed 
with hot water ; the filter paper is dried and the contents of the paper 
removed as completely as possible. The paper is then ignited in a 
weighed porcelain crucible, the zinc carbonate transferred to the 
crucible, ignited, and weighed. After weighing, the impure zinc oxide 
' is dissolved in hydrochloric acid, the solution diluted, warmed to 70®, 
potassiuih iodide a€ded, cooled, and the free iodine titrated in presence 
of starch with a standard solution of sodium thiosulphate. The iron so 
determined is deducted, as Fe203, from the weight of impure zinc 
oxide. 


V. Cadmium Alloys 

• 

The. fusible alloys containing cadmiu^ arp analysed in the same 
way as Wood’s metal {cf. Bismuth, p. 254}. In the analysis of the 
cadmium cwnalgams occasionally used in dentistry, the mercury cannot 
be determined by distillation on account of the volatility of cadmium. 
One gram of the amalgam is dissolved in nitric acid, the solution 
evaporated, the residue taken up with dilute hydrochloric acid, the 
mercury precipitated as mercurous chloride with phosphorous acid 
(phosphorus trichloride and water), and after diluting the filtrate with 
water, the cadmium is precipitated as sulphide by passing in 
sulphuretted hydrogen, etc. 

The most important alloys of cadmium are those with copper, con- 
taining about one per cent, of cadmium and used for telegraph, 
telephone, and power transmission w^ires. Five g. of alloy is dissolved 
in nitric acid, evaporated to dryness, taken up with water and made 
just alkaline with ammonium carbonate. Potassium cyanide solution 
is now added until the solution is colourless and sulphuretted hydrogen 
passed t^ precipftate the cadmium. The cadmium sulphide precipitate 
is purified and the determination may be completed gravimetripally as 
sulphate, electrolytically, or volumetrically b;^ means of iodine. 


ALUMINIUM 

Con*mercial aluminium Jilway^ contains some silicon, ifop, and a 
little copper aS impurities ;• other imf)urities present are: carbon, 
nitrogen, sodium, lead, and traces^ Of antjmdny, phosphoru«, and 
sulphur^ Sodiam alway% appears among the constituents specified 
by Government cfeparfments as; pot allowable bejiond a trace (0 05 per 
cent, reduced afterwards to^O'03^per cenf.). • 
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A. Technical Analysis of Aluminium^ 

« 

I. Usual Method of Analysis. 

This is restricted to the determination of the silicon, iron, copper, 
and sodium. 

I. Total Silicon. — One to three grams of metallic turnings are 
treated in a roomy, covered platinum dish with five to six times the 
weight of chemically pure sodium hydroxide^ dissolved in 25 to 75 c.c. 
of water. After the first violent reaction is over, the contents of the 
dish are gently warmed, the cover-glass (a platinum cover is better) 
washed, hydrochloric acid added in excess, the solution evaporated, 
the silica rendered insoluble in the usual way, the residue dissolved 
by warming with hydrochloric acid and water, the* solution cooled, 
the silica filtered off, '*a»^'-^nited in a platinum crucible.* After 
weighing, the result is checked by treating the contents of the 
crucible on the water-bath with a few cubic centimetres of hydro- 
fluoric acid and one drop of sulphuric acid, the solution evaporated, 
the sulphuric acid carefully driven off, and the residue strongly ignited 
and weighed. 

The difference between the two weighings is silica. SiOg X 0-4693 = 
Silicon. 

The copper in the filtrate from the silica, precipitated as sulphide 
by passing in sulphuretted hydrogen, is filtered off, dissolved in a 
little hot nitric acid, and the copper in the solution either titrated 
or determined colorimetrically {cf. pp. 187-190). The iron may be 
determined by titration with potassium permanganate in the filtrate 
from the copper sulphide, after boiling the solution for half an hour to 
remove the sulphuretted hydrogen, largely diluting the cooled solution, 
and adding several c.c. of sulphuric acid, and about 5 to 10 g. of 
crystallised sodium ^sulphate. , • 

For the determinatic^n of the silicon, O. Handy dissolves the 
turnings in a mixture of 100 c.c. of nitric acid^ (sp. gr. 1^2), 300 c.c. 
«.f hydrochloric acid (sp. gr. 1-2) and ^90 cx. of 25 per cent, sulphuric 
acid ; by the use of this acid mixture, none of tfee silicon is evolved as 
hydride. One^ram^of the metal is treated in a covered porcelain dish 
with 20 to 50 c.c. eff the acid mixture, gently warmed until the metal is 
completely attacked, the solution ^vaporarted, and the residua heated 
until fumes of sulphuric acid^are evcjved. The oooled residue is 
next jyarmed for sortie time with 100 c.c*jDf 25 per cent, sulphuric 

Cf. R, SeligiAin and F. J. Willott, /. Insi, Mefalf^ 138. ^ * • 

• 2 Regelsberger, “Valuation of Alumiiiium and its Alloys,” an/rew. Chem., iSoi, 4, 442, 
473 ; /• Sot. Ahsir., 1893^ 64,»48JI . • 

^J Amer, C/iem^Soc., 1896, i8, 766 ^hem. Soc. 72, 191. 

^ Cf. Moissan, Comptes^^end., 1905, I2|l, 841 ; Sibbers, f^harm. ZeiL, 1907, 42, 622. 
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add ; lOO c.c. of boiling water is then added, the sulphate comffletely 
dissolved by boiling, the mixture of silica and silicon filtered off, the 
filter paper ignited in a platinum crucible, the residue fused with i g. 
of sodium carbonate, the silica separated from the fused mass in the 
usual way (decomposition with hydrochloric or sulphuric acid, evapora- 
*tion, etc*), weighed, and its purity determined by evaporating with 
hydroflucfric acid, %tc., as above. The silica thus found represents 
the total silicon content 

2. Graphitic {crystalline) Silicon . — The mixture of silica and silicon 
obtained as above from a separate weighing is treated in a platinum 
crucible with several cubic centimetres of hydrofluoric acid and one 
drop of sulphuric acid, the solution evaporated, the sulphuric acid 
driven off, the brown residue (silicon) strongly ignited and weighed, 
after half an hour. The difference be^wpen* fhe weight of silicon 
thus found and the weight of total silicon estimated previously gives 
the content of combined silicon.^ 

3. Iron . — According to O. Handy, i g. of the metal is dissolved in 
20 to 30 c.c. of the acid mixture described above (i), the solution 
evaporated until sulphuric acid fumes are copiously evolved, the 
residue taken up by warming with dilute sulphuric acid, the ferric 
sulphate in the solution reduced by i g. of pure zinc, and the cooled, 
diluted solution titrated with potassium permanganate. 

Regelsberger - dissolves 3 g. of turnings in a 500 c.c. flask in a 
sufficient quantity of 30 to 50 per cent, potassium hydroxide, finally 
warming, adds 200 c.c. of dilute sulphuric acid (sp. gr. m 6) with 
shaking, boils until the .solution clears, cools, and titrates with 
permanganate. 

4. Copper . — One gram of turnings are treated in a platinum dish 
with 5 g. of sodium hydroxide and 25 c.c. of water, the solution 
diluted, the residue consisting of copper and iron filtered off and well 
washed, dissolved in a few c.c. of hot, dilute nitrfe acid, the. irpn pre- 
cipitated by adding excess of ammonia, ther ferric hydroxide filtered 
off, and the copper in the filtrate ^determined colorimetrically {cf. p. 187). 
When there is a large content 6f copper it is determined by electrolysf!?. 

5. Sodium. — Many* methods have been suggested for the determina- 
tion of sodium, that of Moissan ^ probably bein^ the beat known. This 
consists in the solution of the sample in nitric acid (with the addition 
of a few drops of mercuric chlo«;idd® to ^^ist the reaction), eyaporating 
the solution in a platinum^ diSh, decomposing the aluminium nitrate^ 
by heating, extracting th^ sodium safts,’'purif}dng and weighing. * 

• * * 

’ Cf. Hunt, C 4 app, and Hata^y, 1902, ^5, 223, 235. 

Loclcit. ^ ^ ^ ' 

3 Compi, rend., iS95,**»2I, 8?! ; /. <Soc^Chem. Ind., 1896, 136. 

4 Deville, Amu Chinu Phys., l853f3, * 
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(jther methods include the volatilisation of the aluminium by 
heating in various gases (chlorine, hydrochloric acid, etc.); solution 
of the aluminium in various reagents which leave the sodium in a 
relatively small residue as in the method of Gulewitsch^ in which a 
mixture of benzene and mercuric chloride is used or the method in 
which ether, saturated with hydrochloric acid, is employed. 

D. M. Fairlie and G. B. Brook ^ have made a thl>rough ex^amination 
of the methods available, and as a result of their work recommend the 
following : — ^ 

Into an 8-inch quartz basin which has been previously weighed 
on a rough* balance, 250 c.c. distilled water and 10 c.c. saturated 
mercuric chloride solution are placed, after which 30 g. of fine aluminium 
millings are added and the whole warmed until reaction commences. 
Nitric acid (70 per c^n^..^s added a small quantity at a - time up 
to 400 c.c., and if the mass becomes viscous, a further 100 c.c. of water 
is added. The solution is evaporated until it weighs approximately 
600 g. and then cooled with constant stirring and placing the dish in 
a water bath. After standing for an hour or so the crystals are 
filtered off, using a 6-inch Hirsch porcelain funnel wdth a suitable 
arrangement for applying suction, the crystals pressed well with a 
quartz rod, sucked dry, and finally washed with 50 c.c, of nitric acid 
(70 per cent.). 

The filtrate and washings are evaporated until a hot saturated 
solution is obtained which is allowed to crystallise. The solution is 
filtered through a 7 cm. funnel with a platinum filter cone and the 
crystals washed with 5 c.c. nitric acid (70, per cent). The filtrate is 
collected in a 3-i in. quartz basin, 2 c.c. of concentrated sulphuric acid 
added, the whole evaporated slowdy to fumes and baked until white 
fumes cease to be evolved. After cooling 10 c.c. of strong ammonium 
hydroxide is added, mixed in well with a quartz ro^ and showed to 
stand gvei'night, cov*ered with a bell-jar to prevent access of dust. The 
solution is next warmed, •filtered through a small fifter paper (i in. in 
diameter) into a weighed platinum b^sin and the residue Vashed with 
Tiot water. • • 

After the addition of 0-5 c.c. of sulphurit acid, the solution is 
evaporated to ^ry,nass^and the residue ignited. Two c.c. of saturated 
ammonium carbonate solution is added to the residue, which is again 
taken to ^dryness, ignited, gnd v^eighed. The weighed residue is 
digested with a few^c.c. of ^ot water* and filtered through a small 
paper*; the paper is traniifcrrecl to the dish,*Fg[nited and again weighed. 
Ttiis weight k subtracted from the w^i^hrt of the fijst* ignited residue 
•and gives the^ weight of im^ure*spdiuiii sulphate^ 

^ J ^hem. Atd,^ I9®4i ^627. 

“ y. Imf, Metals y 1924, 3S, 283. 
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The last filtrate obtained is tested by the usual group red^gents 
and the weight of any impurities a trace of iron, ^aluminium or 
magnesium) found is deducted from the weight of the impure sodium 
sulphate. From the weight finally obtained the blank on the reagents 
must be deducted and the sodium calculated from the sodium sulphate 
•obtained. Blanks should be run alongside every three or four deter- 
minations and usmally yield sodium sulphate equivalent to 0-003 
cent sodium in the metal. All apparatus used in the process should 
be kept apart and never used for other purposes. 

'Hie method as described extracts about 90 per cent of the sodium 
present For special purposes, a second crystallisation is carried out, 
the crystals from the first treatment being heated up with 150 c.c. 
nitric acid and ajlowed to recrystallise, the mother liquor being added 
either to the original mother liquor or tre^K^ed s/^paratcly. 

• 2. More Complete Analysis. 

This includes the determination of aluminium, carbon, lead, 
phosphorus, sulphur, arsenic, and nitrogen. 

1. Ahwiinimn. — One to five grams of an average sample is dis- 

solved in a large flask in very dilute hydrochloric acid (i : 5), finally 
warming, sulphuretted hydrogen passed in after cooling, the solution 
filtered into a measuring flask, and the filter paper and precipitate 
washed with water containing dilute hydrochloric acid and sulphuretted 
hydrogen water. After filling up to the mark, a volume of the solution 
corresponding to 0-2 g. of the sample is withdrawn with a pipette, 
the solution run into a large platinum dish, the sulphuretted hydrogen 
driven off by heating, and the iron in the solution oxidised with a few 
drops of bromine water. The solution is then diluted to 200 to 300 c.c., 
excess of ammoiUa added, the dish covered, the contents boiled until 
the ammonia is completely expelled, the precipitate filtered off, washed 
with boiling water until the runnings cease give a chloride reaction, 
the impure ^ilurninium hydroxide dried, ignited over the blowpipe and 
weighed. The iron is determined in a separate, analysis, and is deduct^ 
as ferric oxide {cf, p. 3*13). Al203XO-5303 == Aluminium. 

In general practice it is unusual to deternjine the amount of 
aluminium presedt, the impurities only being determinfid and the 
aluminiiim obtained by differepceji. ^ ^ 

2. Carbon. — Regelsberger^» recommends direct combustion in the 
wet way by means of chroktliic and sulphuric acidi ; Corleis's apparatus 
{cf. pp. et se^.) is speci&lly suitable for the determination. 

H, Moissafi treats ,10 g. of aUpninium with co»centrated potassium^ 
hydroxide soluttton, thoroujghly^^ was^e^ the .residue containing the 

*' ^ Loc. aiU ' 
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carbcSn on an asbestos filter, dries in a porcelain boat, oxidises the 
carbon in a ^current of oxygen, and collects the carbon dioxide in 
potash bulbs. According to Moissan, alunninium contains only 
combined carbon; he found from 008 to 0-104 per cent, in various 
samples. 

Moissan, Gouthiere, and others also recommend the separation of 
the carbon by means of mercuric chloride, according to Boujsingault’s 
method. 

3. Lead . — If the aluminium is dissolved, etc., by Handy’s method 
(p. 312), the lead will be found as sulphate, together with the mixture 
of silica and silicon. The lead sulphate is extracted with a hot 
solution of ammonium acetate, and precipitated from the acetate 
solution either by sulphuretted hydrogen or by potas.^um chromate. 

4. Phosphorus, Arseuic are determined, according to 

M. Jean,^ by dissolving iDg. of the metal in very dilute hydrochloric 
acid and passing the impure hydrogen evolved into bromine water 
{cf. Determination of Sulphur in Iron, p. 57). The solution in the 
receiver is divided into two portions ; the sulphur is determined as 
barium sulphate, the arsenic by precipitation with sulphuretted 
hydrogen, etc., and in the filtrate from the arsenic sulphide the 
phosphoric acid by means of ammonium molybdate solution. 
H. Gouthiere*-^ determines the sulphur by igniting several grams of 
the finely divided metal in a current of pure hydrogen, passing the 
hydrogen through an ammoniacal solution of silver, filtering off the 
precipitated silver sulphide, washing, drying, igniting, and weighing 
as metallic silver. Agxo-i486 = Sulphur. ^ 

5. Nitrogen , — Moissan dissolves a somewhat large sample in pure 
10 per cent, potassium hydroxide, distils off the ammonia formed into 
dilute hydrochloric acid, and estimates it colorimetricallv with 
Nessler’s solution. 


E.^Alumtnium Alloys*^ • 

Aluminium is frequently alloyed with copper alone or*with copper 
«nd about i per cent, of^manganese. * C>ther aluminium alloys contain 
copper together with small quantities of iron, zinc, nickel pr magnesium, 
and an import|nt cl.ass contain zinc and copper together with one or 
more of «ie follbwin^: metals in small amounts*! tin, iron, nickel, 
manganese, magnesium ; alummiu,m— silicon alloys are also fkvoured 
for certain classes of work, t 


X. ^Aluminium with Copper. — Copper •may be present in varying 
amounts with or withoui other metala i ^ 

, * Campredon, Guide pratique du Chimiste Meta^^rgiste, p. 274, 

“ Am . Chtm.'anaL, i [14], 265 7/ ^oc.tkenu Ittd., I8g6, 15, 830. ^ 

Cf, W. H. Whhey, J, Inst, Metals^ J9^) 15' ^7 > H,<Stansbie, / Soc Chem Ind toti 
, 802 : B. Collitt and Regan,/, dhem. hd. loft. ,.7. n, T ’ 
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One gram of fine drillings is treated with 30 c.c. of a 15 pei*'’cent. 
solution of sodium hydroxide. After dilution and boiling, the residue 
is filtered, washed, and dissolved in hot, dilute nitric acid, and the copper 
deposited from the solution electrolytically. Alloys containing more 
than 8 per cent, of copper may be dissolved in dilute nitric acid, the 
*solution evaporated with excess of sulphuric acid, the residue taken up 
with watd^, the silica filtered off, and the filtrate electrolysed. 

The solution of copper in nitric acid obtained by either of these 
methods may alternatively be evaporated to a low bulk, diluted 
slightly, 5 c.c. of dilute ammonium hydroxide added and boiled. After 
cooling, 6 c.c. of glacial acetic acid is added, then 50 c.c. of sodium 
fluoride solution followed by 10 to 15 c.c. of potassium iodide solution 
(25 g. in 100 ckc.). The solution is now ready for titration with 
standard sodium thiosulphate solution, usi^g starch as an indicator. 

2. Aluminium with Nickel and Copper. — Aluminium is alloyed 
with up tcp 2 per cent, of nickel, and at the same time copper and 
magnesium are generally added. 

One to five grams of turnings arc decomposed as described under 
I, the copper deposited electrolytically from the nitrate solution, the 
solution from the copper evaporated with excess of sulphuric acid 
until fumes of sulphuric acid begin to be evolved, the cooled residue 
dissolved in 20 to 50 c.c. of water, a large excess of ammonia added, 
and the nickel separated electrolytically. 

The nickel may be determined by the dimethylglyoxime method 
(p. 66), when the residue from sodium hydroxide treatment is dissolved 
in 20 c.c, of hydrochloric acid (sp. gr. 1*16) and 5 c.c. of nitric acid (sp. gr. 
1*42), the solution is boiled, diluted, filtered, and the precipitate washed 
with hot water and hot dilute hydrochloric acid. Six grams of tartaric 
acid is added, the solution diluted to 400 c.c., made slightly alkaline 
with am^nonium hydroxide and then faintly acid with hydrochloric 
acid. Thirty* c.c. of alcoholic solution of dimethylglyoxime,, (i per 
cent.) is added and then ammonia drop drop until the solution 
is faintly ^kaline. The solution is allowed to stand for one hour 
in a warm place, then filtered and the precipitate washed, dried 
and weighed* 

3. Aluminium^ with Manganese and Copper.— When the copper 
has been determined by electrolysis (Method 1 above) the solution, 
after' tSe deposition of coppery- m^£y be used for the determination of 
manganese. One to two gr 3 ms of soSium bismuthate is added to 
the solution which is ^11 shaken'*fdr three or four minutes.'' It is 
allowed to settle and filtered ?hrough an ignited asbestos filter and 
well washed w^th a *2 per ceftit. ititfic acid seflution.,, A measured 
quantity of standard ferj^ous, ammonium sulphate is now addfed.and the 
excess titrated back by means of perma\iganate solution. 
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AVi alternative method for determining manganese consists of 
decomposing 4 g. by means of sodium hydroxide as in Method I, 
cooling, adding 90 c.c. of nitric acid (sp. gr. m-8), and boiling until all 
nitrous fumes are expelled. The solution after cooling is made up to 
250 C.C., thoroughly mixed, and 50 c.c. (0-2 g. alloy) is pipetted off into 
a 300 c.c. conical flask. Twenty-five c.c. of silver nctrate " solution 
(2 g. per litre) is added and the solution heated to boiling. Five c.c. of 
ammonium persulphate solution (15 per cent.) is now added, the flask 
immersed in boiling water for one minute, cooled, 80 c.c. of cold 
distilled water added, and the solution titrated with a standard solution 
of sodium arsenite. 

4. Aluminium with Zinc. — Upon decomposing aluminium alloys 
with sodium hydroxide solution any zinc present passes into solution ; 
but if copper, iron, and ^the^netals insoluble in the alkali solution are 
present some zinc may remain' undissolved. 

The solution obtained from i or 2 g. of alloy may be subjected to 
electrolysis using a weighed copper cathode and a current of 0-6 to 0-7 
amperes for forty-five minutes with one electrode rotating. The 
deposit should be well washed with cold water, then dipped into 
alcohol, dried, and weighed. 

An alternative method consists in precipitating zinc as sulphide 
from the alkaline solution by means of sulphuretted hydrogen or a few 
crystals of sodium sulphide. A better result may be obtained by 
slightly acidifying the solution with sulphuric acid»and adding a small 
quantity of sulphurous acid before gassing with sulphuretted hydrogen. 
The precipitate is filtered, washed, dissolved in hydrochloric acid and c 
determined volumetrically by titration with potassium ferrocyanide 
solution or gravimetrically by precipitation as zinc ammonium 
phosphate, which is filtered off, washed, ignited and weighed as zinc 
pyrophosphate. *. 

In tjie^event of zinc being retained in the undissolved metals it is 
advisable to add a fewcryStals of sodium sulphide to the alkali solution, 
filter off the residue and zinc sulphidp precipitate, wash oSce or twice 
with hot water, dissolve iff nitrohydrochtoric acid and then proceed to 
the separation and determination of copper, iron,*^mangan€se and zinc. 

5- Aluniiniuin Magnesium — Alloys such^as Magnalium,’’ 

etc., known as Light Alloys, are largely qsed at the present time and 
contain magnesium. * 

On decomposing aluminium alloys wfth sodium hydroxide solutioni 
any magnesium present remains with the iflsoluble residue together 
with copper, etc., as mentioned above. * * • * ^ * * 

For^the deter miifation of ^agncsttim, 2 g. of the^alloy is treated 
with 100 c!c. sodium hydroxide solution (ij^ per cent.)* then diluted to 
300 cx. with hot yter and tfoiled. The fesidue is filtered, washed 
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with hot water, and dissolved in 20 c.c. of*a mixture of equal parts of 
hydrochloric acid (sp. gr m 6) and nitric acid (sp. gr^ 1*42). The 
solution is diluted and filtered, the bulk of the filtrate and washings 
being kept small. Ten c.c. of concentrated sulphuric acid is added and 
the solution evaporated to fumes. After cooling, 200 c.c. of hot water 
is added find the copper precipitated by means of a rapid stream of 
sulphuretted hydrogen and filtered. The filtrate is boiled until free 
from sulphuretted hydrogen and a few drops of bromine added to 
oxidise the iron and manganese present. Three grams of ammonium 
chloridte is added and a slight excess of ammonium hydroxide solution. 
The iron-aluminium-manganese precipitate is filtered off, well washed, 
and is used for the determination of iron and manganese. 

To the filtrate from the mixed hydroxides, which .should be 
practically neutral, 0-5 c.c. ammonium hydupxide^ solution is added, the 
whole heated to and saturated with sulphuretted hydrogen, after 
which the precipitated sulphides are filtered off and washed. The 
filtrate is acidified, evaporated somewhat, nitric acid added and the 
solution evaporated to a small bulk. Any precipitated sulphur is 
filtered off and washed. Twenty c.c. of ammonium phosphate solution 
is next added, the solution neutralised with ammonia, and then more 
of the ammonium hydroxide solution (sp. gr. 0 9) is gradually added 
with constantly stirring until the latter forms one-third of the total 
volume. 

The .solution is starred at intervals, allowed to stand twelve hours, 
filtered, the precipitate washed with dilute ammonia, dried, ignited 
gently at first and afterwards strongly, and weighed as magnesium 
pyrophosphate. 

6. Aluminium with Silicon. — One gram of the alloy is treated 

with 15 c.c. of water, 6 c.c. of concentrated sulphuric acid and 5 c.c. of 
strong nitric acid, kllowed to digest for a moderate period on the cooler 
part of the heft plate and eventually evaporated to fumes. ^After 
cooling, 50 c.c. of water is added, the siHca filtered off, washed 
thoroughly \«th hot water, ignited in a tared platinum crucible and 
weighed. As the silica may be impure it is t|;eated with hydrofluoric"’ 
acid in the usujlI way a»d the weight of the residue deducted from the 
first weight. * • • 

7. Iron-Aluminitim Alloys (Ferro-aluminium and Ferro-silicon- 
aluminium). 

These alloys Contain up to *15 per ceftt. of aluminium (generally 
10 per cent.) and up to 15 pi^r cent, of silicon ; ^hey are used in terge 
quantitieg as additions to*cast •irbn and for the deoxidation of stedl. 
The content of iluminium is best determined either 4 :)y J. Rothe’s ether- • 
separation methefd {cf. Iroq, p.^ 6),* or *by Baudisch*s * Cifpferron 
method (p. 82). 
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NICKEL AND COBALT 

These metals, which are so very similar in their chemical behaviour, 
are always found associated together, both in their ores apd in the, 
metallurgical products produced therefrom. poor in copper 

yield good results when carefully assayed by Plattner’s dry methods.^ 
For the accurate determination of nickel, cobalt, and the other associated 
metals, and of the impurities, gravimetric and volumetric methods are 
employed, and the two metals themselves are frequently deposited, 
together electrolytically. j 

Ores. — The most important ores arc : — ^ 

Niccolite or Kupfcrnickcl, NiAs, containing 43-5 per cent, of nickel; 
in many varieties the 'arsenic is largely replaced (up to 28 per cent.) 
by antimony. 

Chloranthite^ NiASg, containing 28*2 per cent, of nickel ; nickel is 
frequently replaced by cobalt and iron (up to 17 per cent. iron). 

Millcriie or Nickel Blende, NiS, containing 64*5 per cent, of 
nickel. 

Pentlandite, (FeNi)S, containing 40 per cent of nickel. 

Antirnonial Nickel, NiSb, containing 32-2 per cent of nickel. 
Antimonial Nickel Ore, UUinanite, NiSbS, containing 27-35 per cent 
of nickel. 6?/'^, NiAsS, containing 35*15 per cent of 

nickel. 

Nickel Magnesium Silicates, containing water. Rcivdanskite; con- 
taining up to 18 per cent, of nickel. Garnicrite, with up to 30 per cent 
of nickel ; and many similar silicates containing nickel. 

Magnetic pyrites, Iron pyrites, and Copper pyrites, containing nickel, 
are found in large quantitie.s, especially in the Spdbury district of 
Ontario where the , ore contains about 3 per cent nickel, i-*) per cent 
copper, and an appreciable amount of gold, silver ,< and the platinum 
metals. 

Smaltite, CoAs^, when pure containing 28 per cent of cobalt, very 
requently containing considerable quantities of^iron and nickel. 

Cobaltite, CoAsS, containing 35-5 per cent of cobalt, frequently 
with a high content of iron. «. 

Cobalt^ Nickel Blende, 2RS, 3R2^3 (R=iNi, Co, Fe), containing 11 to 
407 per cent of cobalt and il|-6 to 42-\per cent of nickel. 

Earthy Cobalt or^ Wad (CQ,RiJi) 0 , 2"Ma^2 containing up to 

per cent^of cobalt.' 

1 6/ Kerl, M^Mlurghbie Prohierkunsf, ed 5 ,«and Probierluch, 3rd ed. ; also Ricketts and 
Miller, Note? on Assaying, 3rd od., 1902, p. 84? ^ ^ 
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A. Separation of Nickel and Cobalt from other Metals 

Finely ground ores, speisses, and mattes are dissolved in a flask by 
warming with aqua regia (20 c.c. for i g. of substance), the solution 
4)oiled, the residue evaporated to dryness with hydrochloric acid, taken 
up again mth dilu^ hydrochloric acid, and arsenic, antimony, copper, 
lead, bismuth, etc., precipitated by passing sulphuretted hydrogen 
for some time into the gently warmed solution. The solution of 
arsenltal ores and speisses is repeatedly boiled with additions of 
sulphurous acid so as to reduce all arsenic oxide to arsenious oxide, 
before treatment with sulphuretted hydrogen ; a previous roasting of 
such substances is also to be recommended, whereby the greater part 
of any arsenic and sulphur present is regrioved. The powdered sub- 
stance, spread out on a scorifying dish, is first roasted in a muffle to 
a dull red hgat, the cooled, roasted material then mixed with an equal 
volume of powdered wood charcoal, the roasting again carried out at 
a higher temperature, and again repeated. 

Pyrites and mattes poor in nickel and cobalt are also first roasted 
“ sweet, if it is desired to treat their solution by Rothe^s method, 

p. 6. 

For the determination of any zinc present, the sulphuretted 
hydrogen in the filtrate from the sulphide precipitates is boiled off, 
bromine water add^d, the cooled solution nearly neutralised in the 
presence of a few drops of Congo red solution, and the zinc pre- 
cipitated as sulphide by passing in sulphuretted hydrogen for a long 
time {cf, p. 293). The filfrate from the zinc sulphide is evaporated 
over a free flame, the iron oxidised in the concentrated solution with 
a little nitric acid, the cooled solution neutralised with sodium 
hydroxide or sodium carbonate solution, sodium acetate (six times the 
weight of the* suspected iron content) added, the solution jargely 
diluted with water*, heated to boiling, and boiled for five minutes. The 
bulky precipitate containing all the iron and aluminium as basic 
acetates is filtered off and wa^lied with ho^^ water. Since the pre- 
cipitate always retaini^ some nickel and cobalt, it must be dissolved 
at least once and reprecipitated by boiling with sodiu^ji acetate after 
neutralisation ; if the substance contains much iron, nickel may be 
detected»in the filtrate after repijecipita^irjg four times. The^cqmbined 
filtrates are heathd in a porctlain dish,* and sodium hydroxide and 
bromine water added in •Excess. A*fter thc^dark brown precipitate 
containi^ all tlte nickel, hobalt, ^nd •manganese has sep^irated out, ♦it 
is filtered off, v^slfed \^ith hot >^%ter, dissolved iii Aot, dilute sulphuric* 
acid to which A)me sulpl^urous ^cid •is* added, and *thc? s61ution 
evaporated on the watef-bitfh. If t^'fe manganese present does not 
n. * 
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amount to more than a few per cent., the solution is washed into a 
beaker of 200 c.c. capacity, a large excess of ammonia (30 to 50 c,c.) 
added, together with 30 c.c. of a cold, saturated solution of ammonium 
sulphate,^ the solution of about 150 c.c. stirred, a platinum cone and 
spiral placed in the beaker, and the nickel and cobalt deposited 
electrolytically by means of a current of 2-8 to 3-3 volts and 0-5 to i-5' 
amperes per 100 sq. cm. of cathode surface, at the o^-dinary tefnperature. 
All the manganese separates as hydrated manganese dioxide, which 
floats about as a flocculent precipitate in the liquid and only adheres 
to the spiral to a very slight extent. 

Copper or nickel gauze cathodes are commonly used for the 
deposition of nickel and cobalt. 

A higher percentage of manganese interferes with the electrolysis. 
The solution containinp^ the sulphates of nickel, cobalt, and manganese 
(see above) is then washed' into a pressure-bottle of about 500 cc. 
capacity, neutralised with ammonia, 30 c.c. of a solution of ammonium 
acetate, prepared by neutralising acetic acid with ammonia, and 20 c.c. 
of 50 per cent, acetic acid added, diluted to 300 to 400 c.c., sulphuretted 
hydrogen passed in for from one to two hours, the stopper screwed 
down, the bottle placed in a cold water bath, and this latter heated to 
boiling within half an hour. Nickel and cobalt separate as black 
sulphides, which adhere to some extent to the sides of the bottle. The 
bottle is allowed to cool to about 50° in the water bath, then taken out, 
the stopper removed, the sulphides filtered off, washed with water to 
which some acetic acid and sulphuretted hydrogen water is added, the 
sulphides washed off the filter paper into a porcelain dish, and the 
water evaporated off. The filter paper is ignited and the ash added to 
the contents of the dish, in which (after covering with a clock-glass) 
the sulphides of nickel and cobalt are dissolved by warming with 
strong nitric acid with the addition of a little hydrochloric acid. The 
sulphides, remaining in the bottle are likewise dissolved in hot aqua 
regia, the solution wash^^d into the dish, an excess of 50 per cent, 
sulphuric acid added, the solution evaporated, the residue taken up 
T^ith water, the pale yellow separated , sulphur filtered off, the filtrate 
saturated with excess of ammonia, a large quantity of ammonium 
sulphate (see ^bove) added, and the nickel and cobalt then deposited 
electrolytidally, using** a cylinder, cone, dish, or crucible (c/. The 
ElectroiyUc Determination of^ Coppej-, p. 170). When from several 
decigrams up to 2 g. of niokel and c(fbalt are to be deposited, the 
solution is tested fol* complete ^deposition, after six to twelve hours, 
according to, the strength of current , employed, by withdrawing 
-I to 2 c.c. by means of a pipette, adding, a few cubic ‘centimetres of 

t * i t 

^ Frespnius and Bergmann’s method, Z. ami/, * 9 ^ 3 ^ 4 ; Freseniiis, Quaniiiaiive 

Analysis, 7th ed., v6l. 304 ; W. J. llaf|b,y. Phys, Ck*m,^ 1914, 18, 705. 
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sulphuretted hydrogen water, and warming in a test tube ; if no fellow 
or brown coloration is produced the deposition is complete. It is to 
be specially noticed that the complete deposition by means of the 
current is considerably hindered by the presence of small quantities of 
nitrates or chlorides in the solution. The washing is carried out 
•without breaking the current. The cathode is repeatedly washed with 
distilled water, finaHy with absolute alcohol, the dish or crucible dried 
on a boiling water bath, the cylinder or cone over a heated dish, and 
the cathode weighed after cooling for half an hour. Electrolytically 
deposited nickel is pure and possesses a yellowish gray colour; 
cobalt is of a darker gray colour, and, according to C. Winkler,^ 
always contains some oxygen, up to i-88 per cent, of the total 
amount of cobalt being deposited as hydrated cobaltic oxide. 
This does not appreciably influence th*' accuracy of the technical 
determination. 

When nickel and cobalt are deposited quickly by electrolysis, using 
a current of from i to 1-5 amperes, the solution becomes very hot and 
much ammonia is lost ; in order to prevent this, the crucible used as 
cathode, for example, is cooled by immersion in a dish partially filled 
with water. 

The rapid electrolytic deposition of cobalt and nickel, using a rotating 
anode, is described by E. F. Smith.*^ Previous to the introduction of the 
electrolytic separation, nickel and cobalt were usually precipitated from 
the solution of the# sulphides by excess of pure sodium hydroxide, 
heating, and then adding chlorine or bromine water. The precipitates 
^ of the hydrates of the sesqujoxides were collected on an ash-free filter 
paper, persistently washed with hot water, dried, the filter paper 
ignited in a small platinum crucible exclusively used for the purpose, 
and then the oxides added and reduced by prolonged, strong ignition 
in a currgnt of fiydrogen. Since it is impossible to prevent some 
alkali being retained by the precipitate, the spongy metaPn¥ust be 
extracted with hot* water and then dried in an* air bath. 

The accutate determination of nickel and cobalt in substances riqj} 
in iron is especially tedious, since, even in ^ry dilute solutions, the 
precipitate of basic felric acetate (or sulphate) carries down with it 
considerable quantities of nickel and cobalt, and^ddes nSt separate in a 
pure condition in the analysis of nickel steel) until after the fourth 
or fifth precipitation. This grea 4 :- inConipettience is completely^overcome 
by the use of J. fi.othe’s ether tnethod (p*6). Bjj this method, all the 
iron (excepting i to 2 mg^goes into tlie ethers and nickel, manganese, 
aluminiiym, and practically all tlie colJalt into the aqueous!* hydrochloric 
acid solution. After running off file a(ju*egu^ hydrochloric acid solution,* 

^ Z* anorg, C/tem., 18^4, I, 2cfl ; /. .Sac. Ads/r,f X895, 68, 167. 

** Eiectro^Analysis, pp. 126-133, 
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the ethereal ferric chloride solution in the top bulb is repeatedly shaken 
up with 10 C.C. of hydrochloric acid of sp. gr. i-i, saturated with ether, 
and by this means all the cobalt is extracted in a short time. In order 
to remove the small amount of ferric chloride retained by the aqueous 
hydrochloric acid solution in the lower bulb, the solution is shaken up 
with 75 to lOO c.c. of ether. The solution obtained after treatment 
with ether is run into a shallow porcelain dish (15 cm. in diameter), 
an excess of 50 per cent, sulphuric acid added, gently warmed on the 
water bath (quarter of an hour) to drive off the dissolved ether, 
evaporated, the evaporation repeated with the addition of sfeveral 
cubic centimetres of water, the residue taken up with water, excess 
of ammonia and ammonium sulphate added, and the solution 
electrolysed as above. 

If the substance r contains much manganese, aluminium, and 
magnesium, as well as some zinc, it is well to precipitate the aluminium 
by boiling with sodium acetate ; in the filtrate, to which some ammonium 
acetate and acetic acid are added, nickel and cobalt are precipitated as 
sulphides in a pressure bottle as described above. Any zinc sulphide 
precipitated with the nickel and cobalt is dissolved by treating the 
sulphides with hot, dilute hydrochloric acid, to which some sulphuretted 
hydrogen water is added ; the pure sulphides of nickel and cobalt are 
then dissolved in aqua regia, the solution evaporated with excess of 
sulphuric acid, and finally electrolysed. 

According to an old method, due to Mackintosh,^ which is sufficiently 
accurate for technical purposes, the nickel and cobalt in substances 
either poor or rich in iron are determined by adding a slight excess 
of ammonia to the hydrochloric acid filtrate from the sulphuretted 
hydrogen precipitate, then adding a considerable quantity of ammonium 
sulphide, warming, and then digesting for some time with a large excess 
of 5 per cent, hydrochloric acid ; the sulphides of iron', zinc, ipanganese, 
and traces of nickel and cobalt sulphides are dissolved*, together with 
alumina. The residue i^sulphides of nickel and cobalt with a little 
iron sulphide), after being washed w^th sulphuretted hydrogen water, 
slightly acidified with hydrochloric acid, is dissolved in aqua regia, the 
solution evaporated with sulphuric^ acid until Yumes are evolved, the 
residue tajeen ^up^with water, ammonia added, and nickel and cobalt 
deposited electrolytically. 

In 6res containing a hi^ c pe^bentage of manganese, W; Witter 
determines the nickej and cc^alt^as folfbws: — Iron and aluminium are 
as usual as basic ac^etates in fhe combined filtrates, and 
^nickel, cobalf, and manganese by warming with sodi^um hydroxide and 

bromine water ; thelatter pr^ipitatet fs then dis^solved, and the solution 
* • *- 
^ 1887,^6, 64* • 

Private comihunication to brof. Pufahl. 
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electrolysed. When most of the nickel and cobalt (after several hours) 
is deposited, the cone is washed, dried, and weighed. I^he solution is 
warmed in a beaker with the addition of hydrochloric acid until 
all the hydrated manganese dioxide has dissolved, ammonia and 
ammonium sulphide added, again warmed, acidified with 5 per cent, 
hydrochloric acid (which dissolves all the manganese sulphide), and 
filtered, etc, as above. By this means all the nickel and cobalt 
retained by the manganese dioxide is separated, which is not effected 
even by very prolonged electrolysis. 

A rapid method ^ for separating nickel and cobalt from ferric iron, 
copper, 2inc and arsenic consists of adding tartaric acid, then ammonia 
and finally potassium iodide. The nickel and cobalt are thrown down 
as the amines, [Ni(NH8)u]L^ ; [Co(NH3)c]l2. 


B. Separation of Nickel from Coijalt^ 

I. QUANTITATIVE SEPARATION AND DETERMINATION OF 

COBALT 

(a) By Potassium Nitrite. 

The electrolytic, deposit of the two metals is dissolved off the 
electrode in hot, dilute nitric acid (one volume of acid of sp. gr. i -2 to 
three volumes of water), anij the solution evaporated in a porcelain dish 
on the water bath. The residue is taken up in a few cubic centimetres 
of water, 5 g. of potassium nitrite added (in cold, saturated aqueous 
solution), and then acetic acid until oxides of nitrogen are evolved. 
The cobait separates as brownish yellow potassium cobaltinitrite ; the 
precipitation is complete after standing about tweftty-four houi*. The 
cobalt compound* is then filtered off, washed with a cold, saturated 
solution of potassium sulphate, dissolved in hot, dilute sulphuric acid, 
the rose-red solution evaporated on the water»bath, washed into a large 
platinum crucible, a Urge excess of ammonia added together with a 
considerable quantity of ammonium sulphate^ thq c«b.alt deposited 
electrolytically, and the nickel estimated by difference. If*nickel and 
cobalt h*ave been determined tRe Bccjiction of the sesquioxides in 
a platinum cruciole, the spong^ metals ^re shaken out, dissolved, etc., 
and the crucible again weighed ; by sVong igsition in hydrogeif, some 

• • • • • ^ • 

* W. R. Schoelllr and A. 5. Powell, Anejj’st, loif, 42, 189, 3889 1919, 44, 275. . 

® QCC. Krauss, XManal. Chetn., 1891,30, 22 ‘j%*J Ohetm. Soc. Aktr., i89f, ^ 1149. This 
]»per contains a summary and crilical,Vxamiliation 9I methods for the separation and determina- 
tion of cobalt and nickel. 
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nickei* and cobalt alloys superficially with the platinum. This method 
is suited to all cases, especially when much cobalt is present together 
with a little nickel. 

The filtrate from the potassium cobaltinitrite may be heated with 
excess of hydrochloric acid, diluted, made alkaline with sodium 
hydroxide, bromine water added, and the solution warmed ‘so as to 
precipitate the nickel as the hydroxide, which is* washed, dried, and 
reduced in hydrogen ; or, the precipitate is dissolved in dilute 
sulphuric acid and aqueous sulphurous acid, evaporated, and the pure 
nickel deposited electrolytically. ^ 


(b) By Nitroso-i^-Naphthol.^ 


Nitroso-^-naphthol fornls compounds with nickel and cobalt, the 
cobalt compound, cobalti-nitroso-/S-naphthol [Cj(^H^50(NO)]jjCo, being 
insoluble in dilute hydrochloric acid. The solution of the ‘two metals 
in dilute nitric acid is evaporated down with a slight excess of sulphuric 
acid, and the nitric acid completely driven off. The residue is dissolved 
in water, 5 c.c. of ordinary hydrochloric acid added, the solution warmed, 
and a freshly prepared hot solution of nitroso-/3-naphthol in 50 per 
cent acetic acid added until after the precipitate has subsided ; a fresh 
addition of the solution produces no further precipitate. After digest- 
ing for several hours at a gentle heat, the very bulky precipitate of the 
cobalti-compound and much nitroso-/ 9 -naphthol is filtered off, washed 
first with cold, then with warm 12 per cent, hydrochloric acid, and 
finally with hot water. The filter is then folded together, placed 
in a weighed platinum crucible, the lid placed on, and the crucible 
heated with a large Bunsen burner. When no more combustible 
gases are evolved, the lid is removed, the crucible placed in a 
slanting position, ^.nd the difficultly combustible coke-like carbon 
completely burnt away;^this requires from half an. hour to an hour. 
If care be taken to give good access of air, the cobalt is left behind 
az tri-cobaltic tetroxide, Co-jO^, of a black colour ; reducing gases from 
the burner may cause considerable quantities of cobaltous oxide, and 
even of metallic cobalt to be formed, and there are some advantages 
in reducirrg the Oxide with hydrogen and weighing as metallic Co. 
€0304X^07343 = Co. 

The method gives excellcf^tf results^j on account o^ the bulkiness of 
the cobalti-compound, large qpaptities of cobalt are best precipitated 
according to the nitrite fnethod. 


^ M. Ilinski and G. von'-Knorre, ^ ^ ^ 

T I 18, 6^; / Soi. Otem^Ind., I885, 4 , 370 ; Cf. also Chetn. Ztii., 1895, 19, 14*1 ; 

'ctm 29. 1929 ; Atack, J. Soc. 
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2. QUANTITATIVE SEPARATION AND DETERMINATION* 

OF NICKEL * 

(a) By Dimethylglyoxime- 

, This method is described under “Nickel” in the section on “Iron 
and Steel,” thte volume, p. 66. 

(b) By Dicyanodiamidine. 

Tfcis method is also described under “Nickel” in the section on 
“ Iron and Steel,” this volume, p. 67. 

^ (c) Volumetric Method. 

There are various modifications of the volumetric method in which 
a potassium cyanide solution is used and silver nitrate and potassium 
iodide are "added as an indicator. (See “ Nickel” in the section of 
“ Iron and Steel,” this volume, p. 68.) 

3. DETECTION OF COBALT 

To the hydrochloric acid solution free from nitric acid, an equal 
volume of alcohol is added, the solution warmed, freshly prepared 
nitroso-/3-naphthol solution added, and the solution boiled, when the 
purple-rcd cobalti-mtroso-/3-naphthol separates ; very small traces are 
precipitated only after standing for some time. Any brown nitroso- 
^-naphthol which separates may be dissolved by warming with 50 per 
cent, acetic acid. • 

F. W. Atack^ has described an improvement of this method in 
which a solution of nitroso-/?-naphthol in dilute sodium hydroxide 
is used, and J. Bellucci^ finds that jS-nitroso-a-naphthol when used 
as in Afack’s* method is far more sensitive than the «-^-naphthol 
more generally used, as it permits of the defection of i mg. d!* cobalt 
in 17 litres Qf water. 


4 DETECTION OF NICKEL 

» 

According to L. Tschugaeff,^ dimethylglyoxime js tiie most delicate 
reagent for the detection of nickel. It is added to the* neutral or 
slightly •ammoniacal solution, vfcicH is#tlfen boiled for a short. time; a 
scarlet precipitafe is formed, dV, wdth on^ traces of nickel, a yellowish 
solution, from which the rtd precipitate* separates on cooling. Distinct 
indications are oljtained with sofutiohs containing only impart of niCkel 

^ y Soc, Chem, Jnd,^ 1915, 34, 041.* ' 

2 Gazz, ChitM. lifky I9|9, 49, ^4. * , 

® Ber,^ 1905, 3^? 2520 ; / SocfCMm. M, 1905,^4, 94 r. 

. I 
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in 1,000,000 parts of water, and it is possible by its means to detect 
I part in 30,090,000.^ 

V, Fortini 2 detects nickel in alloys as follows: A polished surface 
of the alloy is prepared and lightly oxidised on the surface by means 
of an oxidising flame, the surface is cleaned with ether after which a 
solution of 0*5 g. of dimethylglyoxime in 5 c.c. alcohol to ‘which is 
added 5 c.c. concentrated ammonia, is dropped ovi it. • 

This solution reacts quickly with nickel oxide and the red precipitate 
becomes visible before the solution has time to become appreciably 
darkened by copper. ^ 


C. Special Methods 

I. Ores, etc. 

Ores and Speisses Containing Arsenic and Antimony are dissolved 
either by warming with nitric acid or with aqua regia, or (according to 
Hampe) in nitric and tartaric acids; the addition of tariaric acid is 
especially advisable if it is desired to carry out a complete analysis ; 
Hampe takes 30 c.c. of ordinary nitric acid, and 10 g. of tartaric acid 
for I g. of speiss, etc. For the determination of copper, nickel, and 
cobalt, it is advisable first to roast the substance, then to dissolve it 
in aqua regia, boil the solution, heat the residue gently with hydro- 
chloric acid, pass sulphuretted hydrogen in for a long time after 
diluting, and further treat the filtrate from the sulphuretted hydrogen 
precipitates as described above (p. 321). If the substance contains a 
high percentage of iron, the Rothe method (p. 6) is applied. 

Pyrites co?itaining Nickel^ Magnetic Pyrites^ and Nickel Mattes are 
likewise best roasted first, and the finely ground product dissolved in 
aqua regia, etc., as above. 

Garnierite and similar Silicates are fused in a platinum crucible 
either with three to fpur times the weight of potassium sodium*tarbonate 
and softie nitre, or with six times the weight of patassium hydrogen 
sulphate. The alkaline melt is lixiviated with water, eyaporated to 
di^mess with excess of hydrochloric afeid, the silica rendered insoluble, 
the copper precipitated In the hydrochloric acijd filtrate by means of 
sulphuretted hydrogen, and in the ^filtrate from the cof)pcr sulphide, 
aluminium^ iron, manganese, calcium, and magnewum, separated as 
described above (p. 324). Th^ meltj ob^tained with potassium liy^rogen 
sulphate aYid nitre are treatejl Vith waiter and hydrochloric acid, the 
silica filtered off, the oopper precipitated in iJje filtrate with sulphuretted 
hydrogen, etc., as above! Very fjnely gr9und garnierite may also be 
decomposed By boiling with hydrochloric acid, aqu&. regia, dt 50 per 
cent, sulphuric acid. Iheisulplftiric^acid or other solution to which 
• \ A, Chaston Chapman, JT CAem\Soc,^CiQif^ IXI, 213. 

2 Zeit., 1912, 36, iS^6l. /. ImL Metals^ 1913, 9, 238. 
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sulphuric acid is added is boiled until fumes of sulphuric acid^egin 
to be evolved, the cool mass then treated with water^ filtered, the 
copper precipitated from the filtrate, etc. 

The sulphuric acid filtrate from the copper sulphide precipitate is 
finally boiled, with the addition of a few drops of bromine water, cooled, 
transferred to a beaker, a large excess of ammonia and some ammonium 
sulphate added and nickel and cobalt deposited electrolytically on a 
cone. The considerable quantities of earths and magnesia, as well as the 
manganese present, are without influence ; if much iron is present, some 
may be deposited as metal, together with nickel and cobalt. The nitric 
acid solution of the nickel and cobalt is afterwards tested by saturating 
with ammonia, filtering off any ferric hydroxide which separates, which 
is weighed as feriric oxide, and the calculated quantity of iron deducted. 
FegOg x*o* 6994 = Fe. . . 

Nickel Copper Matte, — {a) One to two grams of the matte is dissolved 
in aqua regia, the solution boiled, the residue warmed with hydrochloric 
acid, water added, again boiled, and the copper precipitated as sulphide 
with sodium thiosulphate. The sulphur dioxide is expelled from the 
filtrate from the copper sulphide by boiling, the ferrous salt oxidised, 
the cooled solution neutralised with sodium hydroxide, sodium acetate 
added, etc., as described above. If the matte contains lead, the solution 
in aqua regia is evaporated with sulphuric acid, the residue taken up 
with water, the lead sulphate filtered off, the filtrate boiled, sodium 
thiosulphate added, «tc., as above. 

{U) One to two grams is roasted, the product dissolved in aqua regia, 
» the solution evaporated dpwn, the evaporation repeated with hydro- 
chloric acid (20 to 40 C.C.), the concentrated solution extracted with 
ether by Rothe’s method {cf, p. 6), the solution containing copper, 
nickel, cobalt, an^ manganese evaporated with sulphuric acid, and the 
copper deposited ‘electrolytically ; the solution, free from copper, is then 
evaporated to* drive off the nitric acid, the residue dissolved in water, 
saturated with ammonia, and the nickel anfl cobalt deposited electro- 
lytically. /fny zinc present is precipitated with sulphuretted hydro^n, 
after neutralising the solution ffom the coppei»deposition with ammcmia, 
making just acid with sulphuric acid, and diluting. 

Slags {e,g,, froiji the refining of copper cor^J:aJhing®nickel, etc.) are 
decomposed with aqua regiai, the solution evaporated, the Sltrate from 
the silica treated^with sulphureltecf hyrirpgen, the sulphides. filtered off, 
the sulphuretted hydrogerj boiled off from the ^filtrate, which is then 
oxidised, neutralised with fodium hydroxide, and the iron and alufninium 
precipitated usual way. * 'fhe nickel and cobalt in^the filtrate*'are 
precipitated as Jhe hydroxides Vith •sbcjium hydtoxide ^and bromine, 
the hydroxides dissolved, and ^e n^etals deposited electrtflytically in 
presence of manganese. • " • t ^ • 
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Smalts } — One gram of the fine powder is stirred up in a platinum 
dish with S c.c. of 50 per cent sulphuric acid, about 20 cc. of 
hydrofluoric acid added, gently warmed for one hour on the water 
bath, then evaporated, and heated on a sand-bath until sulphuric 
acid fumes are evolved. The cooled residue is taken up with water, 
any separated lead sulphate filtered off, and sulphuretted 'hydrogen 
passed into the filtrate, whereby copper, arsenic, and bfemuth are 
precipitated. After boiling off the sulphuretted hydrogen from the 
filtrate, the iron is oxidised with nitric acid and subsequently pre- 
cipitated together with the aluminium as basic acetate. Cobalt (nickel 
and manganese) is precipitated from the filtrate with sodium hydroxide 
and bromine water, or preferably potassium persulphate, the hydroxides 
washed, dissolved in dilute sulphuric acid^ containing some sulphurous 
acid, and after evaporating, etc., the cobalt and nickel deposited electro- 
lytically. The flocculent precipitate of hydrated manganese dioxide is 
collected on a filter paper, dried, the paper ignited, and the strongly 
ignited tri-manganic tetroxide weighed. Cobalt and nickel are dissolved 
from the cathode and separated by means of dimethylgloxime. 

Sulphur is determined in ores, mattes, and speisses by Hampers 
method (p. 192). 


2. Commercial Nickel. 

The metal comes on to the market as a fritted spongy mass, in the 
form of small cubes and round cylinders about 30 nnn. high and 50 mm. 
diameter, and in a fused condition in the form of anode plates and 
granulated metal, and also as nodules from the Mond process. 

In metal other than that from the Mond process, which is extremely 
pure, the impurities (iron, arsenic, sulphur, silicon, and carbon) usually 
amount to less than i per cent. ; cobalt, to the extent of usually about 
I per cent, but frequently in considerably larger quantitiesfuis always 
present^ vfhilst manganese passes into the metal dpring the refining 
processes, and is hardly td be considered as an impurity. Fused nickel 
manufactured by the Fleitmann patents contains traces ol magnesium 
(about 0*1 per cent.). Fused nickel m*ay contain several per cent, of 
carbon and some silicon ; the fritted metal may also contain carbon. 
By the re^uQtitjn /jf nickel oxide by means of Aqur, etc., the latter 
introduces into cube nickel small 
and sand. « • « 

Nickel-copper conjaining ujj to 30 per c^nt. of copper, which cannot 
be distinguished by its colour from nic|je^ is ^jjepared ii^ some works for 
the manufacture of German silver, and comes on tck thfi market in a 
granulated feym. * 

^ ^ For the* analysis of gobalt p^meiktg, cji pp. 524, $40. 

Dcde, C//em, Meit% 1^11,35, 


quantities of lime, alumina^ alkalis, 
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Analysis , — In sampling nickel cubes and cylinders of nickel, ismall 
pieces are chipped off by means of a sharp chisel ; the granulated metal 
is used as such or the granules are divided by a chisel ; borings of anode 
plates are used. Tin is detected by dissolving about i g. of the metal in 
nitric acid in a large test tube, diluting with water, and boiling ; if tin is 
present, 5 g. of,the metal is dissolved in a dish in 40 c.c. of nitric acid 
(sp. gr, 1-4), treated las in a bronze analysis (pp. 216 seq?}, the stannic 
oxide ignited in a platinum crucible, and, after weighing, treated with 
hydrofluoric acid and one drop of sulphuric acid to remove any 
admi>ftd silica. The filtrate from the meta-stannic acid is evaporated 
with excess of sulphuric acid and treated as described below. If the 
metal dissolves to a nearly clear solution in nitric acid, 10 g. is 
weighed out, tregj:ed in a covered porcelain dish with 70 c.c. of nitric 
acid (sp.tgr. 1*4), and 10 c.c. of water, wargied on the water bath until 
completely dissolved, 40 c.c. of 50 per cent, sulphuric acid added, the 
solution evaporated, and finally heated on a sand bath until fumes 
of sulphuric acid begin to be evolved. The cooled residue is dissolved 
by heating on a boiling water bath and stirring, and the silica (sand 
and some charcoal) filtered off. The filter paper containing the silica 
is ignited in a weighed platinum crucible, the weighed silica gently 
warmed for a long time with hydrofluoric acid and one drop of sulphuric 
acid (sand dissolves very slowly), the solution evaporated, the sulphuric 
acid driven off, and the residue, consisting at most of a little ferric oxide, 
ignited and weighed. If the metal contains much copper, this is 
deposited from the sulphate solution electrolytically, after the addition 
, of nitric acid. If only a little copper is present, sulphuretted hydrogen 
is passed into the warmed sulphate solution for a long time and the 
copper thereby precipitated as sulphide, which is dissolved in nitric 
acid, the copper deposited electrolytically, and the electrolysis continued 
longer th^ neces*sary for the deposition of the copper, to see whether 
any arsenic is* present. If only a few milligranfs of copp^r^is pre- 
cipitated, the copp*er sulphide is roasted to oxide in a porcelain crucible, 
and weighect as such. If arsenic is found to be present, the sulphate 
solution, free from nitric acid, prepared from or 20 g. of the meJal, 
is brought into a flask,^ to lO g. of ferrous sulphate, together with much 
pure fuming hydrochloric acid, acfded, and the arsenic# distilled off as 
chloride {cf, p. 205). The filtrate from the copper sulphide is^vaporated 
to drive •off the sulphuretted hyArogen,^c^oled, and made up^tc; 500 c.c. 
in a graduated flask. The flickel and^ cobalt from i<x> c.c. of this 
solution (corresponding t<f 2 g.) are flefositec^ electrolytically (p. 322), 
both metals weighed, the^cobalV SeteVmined as tri-cobalti^ tetroxid^by 
Ilinski and voiT Knorre's methods ^p. ^26)^ the solution from the nicke4 
and cobalt filtered, and jany^ m^nesium present precipitated Tjy the 
addition of a few drops of aqueoi® phoepkoric acid. ^For \he determina- 
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tion ®f the iron and manganese, the remaining 400 c.c. (corresponding to 
8 g. of metalXis diluted to i litre, the solution oxidised with bromine and 
the iron and manganese precipitated by boiling with ammonia in excess. 
The precipitate is collected on an iron-free filter paper, washed for a 
short time, then dissolved in hot, dilute hydrochloric acid, after which 
the solution is again oxidised and precipitated with an:\monik, filtered, 
the precipitate washed, dried, strongly ignited in weighed porcelain 
crucible with good access of air, and the mixture of oxides of iron and 
,0iiLnganese weighed. The oxides are then dissolved in hydrochloric 
acid, the solution evaporated on the water bath, and the residue taken 
up with a few drops of hydrochloric acid and water. The ferric chloride 
thus obtained may be titrated with stannous chloride, or the solution 
may be evaporated with sulphuric acid, diluted with water, reduced with 
zinc, and the ferrous .sulphate titrated with potassium permanganate 
{cf. pp. 22 et seq^. The ferric oxide thus found is deducted from the 
weight of mixed oxides, and the difference is tri-manganic tetroxide. 
If much iron and manganese are prc.sent, they are separated by the 
sodium acetate method, the manganese precipitated in the filtrate as 
dioxide, the iron precipitate again dissolved in hydrochloric acid, 
precipitated with ammonia, and finally weighed as ferric oxide. The 
manganese is weighed as tri-manganic tetroxide. 

L. Bertiaux^ dissolves the metallic nickel in a mixture of hydro- 
chloric and sulphuric acids, adds an excess of ammonia and deposits 
nickel, cobalt and copper together electrolytically.i The deposit is then 
dissolved in nitric acid and the copper determined electrolytically, the 
cobalt as cobaltinitrite and the nickel elect rplytically. Iron, manganese, , 
aluminium, calcium and magnesium are determined in the liquid from 
the first deposit. Silica and sulphur are determined in a separate 
quantity, arsenic and antimony by distillation (p._ 207) and carbon 
by combustion as described below, ^ 

Dei'^miination of Stilphur, — Ten grams is dissolved in pure nitric 
acid, the excess of acid ^evaporated off, twice evaporated to dryness 
^yth about 100 c.c. of pure hydrochloj* ic acid, the residue faken up with 
hydrochloric acid and w&ter, diluted to about 300 c.c., and the sulphur 
precipitated with barium chloride, ' 

Determination i^arbon. — The* carbon (together with the sand) 

remaining after dissolving 10 g. of nickel qubes in nitric acid is collected 
on an asbestos filter, washed,, the ffitei*^ transferred to a porcelain boat, 
dried, the carbon bujrnt in a porcelairf tube, and the carbon dioxide 
absorbed in potash bulbs. COgX/r == C. • 

’"Fused nickel (anode plates, granules) ‘may contain several#- per cent 
‘of carbon. 'JThree ^rams of tjhife /inest^ possible drillings or granules are 
warmed \n a beaker on a boiUng yate/ bath with a concentrated 

^ Ann. diM «»«/., 1912, 377. 
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solution of copper ammonium chloride ^150 g. NH^ClCuCla-^HjO 
per soo C.C.) for twenty-four to forty-eight hours, or until the nickel 
is completely dissolved, and the residue collected on an Asbestos filter 
and washed, etc., as above. The determination of the small quantities 
of aluminium, calcium, and alkalis which occur in nickel cubes offers 
ho difficulties, ^ut is very lengthy, and is, therefore, not carried out in 
commerci?! analyse^ 

Determination of Magnesium} — Fifteen to twenty g. of the metal is 
dissolved in nitric acid, and the solution evaporated twice to dryness 
to deHydrate the silica. The residue dissolved in hydrochloric acid 
is treated with ammonium chloride, bromine water and ammonia to 
separate iron, etc., the filtrate from this precipitate is neutralised with 
hydrochloric acid^and potassium cyanide added until the precipitate of 
nickel cy,anide just redissolves. Twenty ^.c. of a 10 per cent, solution 
of sodium hydrogen phosphate, together with one third of the bulk 
of solution ammonia, are added and the whole allowed to stand 
overnight. The precipitate is filtered, washed with dilute ammonia, 
dissolved, reprecipitated, and finally ignited and weighed as Mg.^P207. 

3. Metallic Cobalt. 

The metal comes into commerce as cubes, and contains only very 
small quantities of impurities (nickel, iron, copper, carbon, sand) ; it is 
used for electro-plating and in the manufacture of certain alloys ; when 
necessary, its analyst is conducted in a similar manner to that described 
for nickel, the nickel being separated from the solution containing cobalt 
> and nickel by means of dimethylgloxime. 

4. Nickel Alloys. 

The alloys to be considered are chiefly those with copper, such as 
coinage alloys,* containing 75 per cent, of copper, «nd 25 p^ cent, of 
nickel, alloys for ’bullet envelopes, containing about 80 per cent, of 
copper and co per cent, of nickel, and those with copper and zinc, 
such as nickel, silver, argentari, ’nickelin, etq, 

Other alloys of importance are Monel metal, an alloy obtained by 
the direct smelting of certain ores,*and containing 60 to,72 per cent, of 
nickel, 0-5 to 65 per cent, of iron and i per cent. o*f manginese; and 
ilium,*a complex alloy contafniag $0 aei^cent. of nickel, 21 jjer cent, 
of chromium, 6 {Jer cent, of capper, tog^her with small quantities of 
molybdenum, tungsten, iron* aluminiufn,^ang^ese and silicon. .There 
are also^lloyselpecially ifsed fflrVindingof electric resistance furnaiees, 
such as nichroAe, containing ii 1*^25 gar cent, of ckromium, and usually 
iron (up to 25 per cent.)j platinoid, bontaiifing.do per cent, of Copper, 

* K. Chalupny and K. BreUch, fhm. ^it., igaV 46 , 91 ; /. Inst. Metals, 1923, a8, 684. 
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24 F^f cent of zinc, 14 per cent of nickel and i to 2 per cent of 
tungsten; rheostan, containing 52 per cent of copper, l8 per cent 
of zinc, 25 per cent, of nickel and 5 per cent, of iron ; and manganin, 
containing 4 to 40 per cent of nickel, 60 to 80 per cent of copper and 
I to 12 per cent, of manganese. 

Aftalysis, — One gram of drillings is dissolved in 10 tg 15 c.c. of nitri<i 
acid (sp. gr. 1-2) in a covered porcelain dish on^the water bath, the 
solution evaporated with 5 c.c. of 50 per cent sulphuric acid, any 
lead sulphate (from the spelter) which separates filtered off, and the 
copper in the filtrate deposited electrolytically in a crucible dr dish, 
after the addition of nitric acid. If it is desired to precipitate the 
copper as sulphide by means of sulphuretted hydrogen, the filtrate 
from the lead sulphate is diluted to about 300 c.c. ai^d 30 to 50 c.c. of 
hydrochloric acid (sp. gr. 1*124) added to prevent the precipitation of 
zinc. If this addition is not made, the copper sulphide precipitate is 
first washed with hydrochloric acid to which some <sulphuretted 
hydrogen water is added, and then with very dilute sulphuretted 
hydrogen water acidified with one drop of sulphuric acid. The 
filtrate is evaporated, the residual sulphate solution somewhat 
diluted, nearly neutralised with ammonia, diluted to 400 to 500 c.c., 
and sulphuretted hydrogen passed in for a considerable time (one to 
two hours) to precipitate the zinc as sulphide. The solution from the 
deposited copper is evaporated till the sulphuric acid begins to fume 
in order to remove the nitric acid ; the cooled residue is taken up with 
100 c.c. of water, the solution neutralised in presence of a strip of Congo 
red paper until it gives just a faint acid reaction, then largely diluted 
and the zinc precipitated with sulphuretted hydrogen {cf, pp. 293 et seq^. 
The zinc sulphide is filtered off after twelve hours, and washed with 
dilute sulphuretted hydrogen water containing several grams of 
ammonium sulphate. The filtrate, after the addition of 5 c.c. of 
sulphupce^acid to pfevent separation of nickel sulphide is evaporated 
in a porcelain dish to about 100 c.c., the cooled solution washed into 
a 200 C.C. beaker, 50 c.c. of strong ammonia added, the solution then 
c?)oled, and the nickel and cobalt deposited electrolytically on a conical 
cathode. The iron and manganese are filtered off from the solution 
after electrol^^’s, ar>d separated and*determincd as described under the 
analysis of nickel (pp. 332 et seq,). Any ^hydrated manganese dioxide 
which ajil^eres to the anode i| rtmcfvecHby a glass rod, the end of which 
is covered with a piece of ruBber tubing. A separation of nickel and 
cobalt* is not necessary^ • • * < 

^KJerman ^silver and similar Mloys* ffeqbently contain 5K)me tin 
{added to improve *^he colour*cjf the* metal), which is recognised on 
dissolV'ing' the alloy in »itrfc acid,*diluting^ithe; solution, and boiling. It 
is determined' as in the analj^s^ of \Dron2e (p. 216). Copper-nickel 
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alloys, for parts of machinery, not infrequently contain severajl per 
cent, of aluminium ; in the analysis, the copper is first separated electro- 
lytically, the nitric acid removed from the remaining solufion, excess of 
ammonia then added, and the nickel also deposited by electrolysis. 
The cloudy solution containing the aluminium hydroxide is then 
Neutralised with acetic acid, diluted, boiled, the precipitate filtered 
off, washed, ignited^^and the ferric oxide containing alumina weighed. 
The mixed oxides are fused in a platinum crucible with six times their 
weight of potassium hydrogen sulphate, the melt dissolved in hot, dilute 
sulphuric acid, the ferric sulphate reduced with zinc, and the iron titrated 
with potassium permanganate. 

Nichrome^ and similar alloys arc somewhat difficult to dissolve; a 
suitable quantity ^is decomposed with aqua regia and evaporated to 
dryness. ^ The residue is treated with hydr^Dfluoric acid for the removal 
of silica, taken up with acid, and any insoluble material remaining is 
fused with sodium peroxide, and the fused mass dissolved in the usual 
manner. Nickel is determined by the potassium cyanide method 
(p. 68) ; the iron, after separation from chromium, is reduced by 
means of zinc and titrated with potassium permanganate. Chromium 
is determined by the addition of manganese sulphate, reduction by 
ferrous ammonium sulphate and titration of the excess iron with per- 
manganate or bichromate. Manganese is determined in a separate 
portion of the solution by precipitating with potassium chlorate, 
solution of the precipitated manganese in ferrous ammonium sulphate 
and subsequent titration with permanganate. Zinc is determined in 
the filtrate from the iron-chromium precipitate by the potassium 
ferrocyanide method. 

Silver-plated Nickel Silver , — For the determination of the coating 
of silver, the well-cleaned articles (spoons, forks, etc.) are suspended by 
means of iron or platinum wires, connected to the positive pole of a 
battery, in a glass vessel filled with a 2 to 3 per cent, scjijtion of 
potassium cyanide*, and the silver deposited# electrolytically on to a 
strip of thin copper foil, which serves as the cathode. The desilvered 
articles are removed from the bath, excess of Jiydrochloric acid added 
to the solution (under a^ood fume cupboard on account of the evolution 
of hydrocyanic acid) and the solution evaporated s© as ^o separate the 
silver as chloride; the copper foil, with the deposuted*silvef, i? dissolved 
in nitric acid, and the silver pfecjpitatec^ fiNm the diluted solution with 
a slight excess ofNydrochloric acid, • 

The removal of the la)ie*r of silve? by me^ns*of nitric acid is not 
possible,^since sflver front tlie Sd!utien is always re-depejsited on the 
alloy. The sft-aping pff of th4, silver with suitable instruments is. 
very tedious and •gives low results, Smee^ the “amalgamStioti ''•which 
^ E. W, ReidT, Ind, 1917, 9, 488. ^ * 
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precedes the silvering of nickel silvers rich in nickel eats somewhat 
deeper into the alloy than the electrolytically deposited silver. If 
the articles to be analysed may be destroyed, they can be completely 
dissolved in nitric acid, etc., or melted up in a crucible in a coke 
wind-furnace, an ingot cast and weighed, a weighed quantity of 
drillings from the ingot dissolved in nitric acid, and the silver 
determined in the resulting solution. 

5 . Cobalt Alloys. 

Stellite is an alloy containing cobalt, chromium, tungsten and carbon ; 
it possesses remarkable cutting properties, and is used in the manu- 
facture of special tools. In some varieties of stellite, molybdenum is 
used in place of tungsten. A modified alloy of the same class known 
as Festel metal contains cobalt, iron and chromium. A cobalt alloy 
with chromium, analogous to nichrome, is sometimes used for winding 
electric furnaces. 

Analysis , — A small quantity of the alloy is decomposed with aqua 
regia, the solution diluted, tungstic acid filtered off, and the treatment 
continued for cobalt and chromium. 

When molybdenum is present instead of tungsten the method 
described by J. R. Camp and J. W. Harden^ is followed. A small 
quantity is taken into solution with aqua regia, and when solution is 
complete 3 c.c. concentrated sulphuric acid is added, after which the 
solution is evaporated until white fumes appear. The solution is 
diluted, transferred to a pressure flask, gassed with sulphuretted 
hydrogen, and the flask securely corked and placed in boiling water 
where it is left for one hour. The molybdenum sulphide is filtered 
off, washed, ignited to M0O3 and weighed. The solution is boiled until 
free from sulphuretted hydrogen, and the cobalt is precipitated by 
adding, sodium peroxide. The precipitated cobalt hydrate' is washed, 
dissolved in hydrochloric acid, reprecipitated with‘ sodium peroxide, 
filtered, washed and ignited to C03O4. The filtrate is ?^cidified with 
sulphuric acid, and the chromium present determined by reducing with 
ferrous ammonium sulphate and titrating the excess with bichromate 
solution. 

6 . De^.ermination of the Ni«;kel' ooi l^ickei-plated Iron Articles. 

The coating of nickel is*^dissolved ‘off^with hot/dilute nitric acid 
(oge volume of acid of sp, gr. i-2 tp one Volume of ^water), and the 
nickel is determined in the solution by the ^imethylglyoxima method 

‘(p.66), . “ , -'-i • 

* /nd. Eng. Chetn.f 1920 , , 12 , 998 . 
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MANGANESE 

Of the numerous manganese ores, only the oxides are of technical 
♦importance, and of these more especially, Pyrolusite^ MnOg, and 
Psilomelane^ according to Rammelsburg, R0.4Mn02 (in which R = Mn, 
Ba and Rg)* ''^hich ‘usually contain in addition some silica and small 
quantities of copper, cobalt, magnesium, and calcium. About nine- 
tenths of all the manganese ores and ores containing manganese are 
used for the manufacture of iron-manganese alloys such as spiegeleisen 
and ferro-manganese, whilst the remainder is used for the manufacture 
of chlorine, bleach, manganates and permanganates, glass, the prepara- 
tion of varnishes, etc., and to a small extent for the production of 
manganfese-copper alloys. • 

The methods for the determination of manganese in manganese ores 
and iron ores containing manganese are fully described in the section 
on Iron and Steel (pp. ^ and 29), The most frequently used gravi- 
metric method of determination is the peroxide method. Of the 
volumetric methods, that of Volhard (p. 29) and the bismuthate method 
(p. 56) are the most generally used. 

For the analysis of iron-manganese alloys, cf. Iron, p. 52. The 
analysis of manganese-copper alloys is described on p. 215 (Manganese 
Copper) and p. 216 (Manganese Bronze). The analytical methods for 
pyrolusite are described in Vol. I., pp. 576 et seq. 


CHROMIUM 

Chromite^ox Chrome iron ore (approximating to the formula Cr203. 
FeO), which occurs in large qu^Atities, is the material from which^all 
chromium compounds, and chromium iron alloys are prepared. The 
mineral itself always contains more or less ferric; oxide, alumina, and 
magnesia ; the content of chromic oxide in the cire aS it co*mfts on to the 
market, varies between 30 anb ^2 per cent. 

Detection of ChromiuitL—Hv fusing 4 p the substance mixed with 
sodium carbonate in a snj<lll platinum •spoon^ oi* on a piece of ^ foil or 
platinum wire, \o a high^ tempei*atu»e, and with good access of air, a 
yellow melt coifsiAing pf a chronlate is produced, vj^hich, when dissolve<J 
in water, produce! a yellow precipitatb'of *le;Sd cjiromate after.acidifying 
with acetic acid and additk)fi oj lead,' acetate solution.* Very* minute 
11 . 
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quantities of chromium are* recognised in iron and steel during the 
determination of the manganese by Hampers chlorate method (p. S3)> 
the presence of chromium producing a yellow coloration in the filtrate 
from the manganese dioxide. 

The ore is usually analysed by fusing a small quantity (0-35 to 0-5 g.) 
of the very finely ground substance with oxidising and fluxing agents/ 
lixiviating the fusion with water, and titrating the /chromic cjcid in the 
solution. In the older methods of fusion some of the ore remained 
unattacked, and this had to be fused up again, which rendered the 
determination very tedious. This difficulty is entirely removed by the 
use of sodium peroxide, either alone or mixed with sodium hydroxide. 
The fusion methods of J. Spiiller, S. Kalman, and of J. Lambert, 
described in the section on Iron, p. 12, are applicable to all substances 
containing chromic oxide pr chromium ; the chromic acid in the 
solution, after the excess of sodium peroxide is removed, is titrated 
by the method given on p. 72. 

J. Rothe^ fuses 0 5 g. of the very finely powdered ore in a platinum 
crucible with four times the weight of a mixture of equal parts of nitre 
and previously dehydrated sodium hydroxide, heats to a dull red heat, 
and thus obtains complete decomposition of the substance. 

The chromic acid in all soluble chromates is titrated by Schwarz’s 
method, by acidifying with sulphuric acid, adding a weighed excess 
of ferrous ammonium sulphate, and titrating back the excess with 
potassium permanganate. Schwarz treats lead chr, ornate by intimately 
rubbing it up with excess of ferrous ammonium sulphate and hydro- 
chloric acid, adding a large quantity of water and titrating the solution 
with permanganate.^ 

L. Duparc and A. Leuba have worked out the following method for 
the analysis of chrome iron ores — They discard the fusion with sodium 
peroxide, since crucibles of silver, platinum, or copper are thereby 
stronglx,.£rftacked, asrwell as the fusion with acid potassium sulphate, 
which does not work weil and is never quantitative, and substitute 
sodium carbonate in the following manner, which must b^ carried out 
accurately in every detail^ — The mineral is ground exceptionally finely 
in an agate mortar, “ bagged ” through silk gauze, dried, not more than 
0*2 to 0-3 g, mi^ed with 5 to 6 g, of ^ure sodium carbonate and heated 
for eight hSurs in a platinum crucible closed with tHe lid. Finally, the 
heat is ipereased and the crudbjip lid lo-^t half open. When the fusion 
is completed, the crucible is«dipped into a porcelairf dish containing 
100 c.a of cold water, ^n jvhich h h allowed \o remain for several hours. 

^ ^ Private communicatioi^to Prof. PufahJ. ^ 

* For analysis M chrome pigment! sec ppf 483,^1 1, 541. « 

® Chm, 1904, 28, 518 ;•/• Chem, Soc. Abstr^ igc^, 86 592 ; and private communication 
to Prof. Pufahl. • f • I 
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The contents of the crucible, washed out With water, are warmed^ on a 
water bath with hydrochloric acid, so as to dissolve the suspended oxide 
of iron completely, the solution evaporated to dryness, agiin moistened 
with hydrochloric acid and again evaporated, this being repeated three 
times so as to separate the silica. The residue is finally taken up with 
•dilute hydrochloric acid, the silica filtered ofif and determined in the 
usual way. Ammynia is added in slight excess to the filtrate, and 
the solution warmed on the water bath until the smell of ammonia 
is no longer recognisable. The precipitate contains the hydroxides 
of chwomium, iron, and aluminium ; it is filtered off, washed, dried, 
ignited in a platinum crucible, and the mixture of the three oxides 
weighed. Calcium and magnesium are determined in the filtrate 
by the usual methods. For the separation of the three oxides, the 
mixture h very finely ground, a portion weighed out, and again fused 
in a platinum crucible with sodium carbonate.* On extraction with 
water, the iron remains as insoluble oxide, the chromium is dissolved 
quantitatively as sodium chromate and the aluminium as sodium 
aluminate. The solution is carefully neutralised with nitric acid, 
care being taken to avoid any excess of this acid, a slight excess 
of ammonia added, the excess driven off, the precipitated hydroxides 
dissolved in hydrochloric acid, the precipitation and solution repeated, 
the precipitate filtered off, washed (first with water containing sodium 
carbonate, then with pure water), and ignited, when perfectly pure 
white alumina is finally obtained. The chromate in the filtrate is 
reduced to chloride, and the chromium hydroxide precipitated with 
ammonia. If the slightest excess of nitric acid is used for the 
’neutralisation of the solutiftn, it reacts with the sodium chromate, 
to form a green hydroxide of aluminium containing chromium, 
which is precipitated on the addition of ammonia. Acetic acid reacts 
in a similar mannir. Hydrochloric acid cannot be used on account of 
its reducing action on the chromate. 
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TUNGSTEN 

The following are the most important minerals from which tungsten 
and its compounds are obtained : Wolframite^ consisting, of isomorphous 
mixtures of MnW04 FeWO^, containing 76 per cent, fjf tungstic 
oxide and 5 to 7 per cent, of manganese ; Hnbnerite^ a similar mineral 
but containing generally about 16 per cent, of manganese ; Scheelite^ 
CaW04, containing 80-5 per cent of tungstic oxide and F&rberite 
(FeWOJ, which may contain traces of manganese. Less important 
ores are Tungstite^ or Wolfraininc (WO3), Stolzite (PbWOJ, and 
Cuproscheelite (CuCagCWOJy). 

For the determination of<the contained tungstic acid, the Vf^ry finely 
ground ore is decomposed by continued boiling with hydrochloric acid, 
followed by aqua regia or nitric acid, hydrochloric acid wifh potassium 
chlorate, equal parts of hydrochloric and hydrofluoric acids or a solution 
of sodium or potassium hydroxide, or it is fused in a platinum crucible 
with potassium sodium carbonate if it contains no arsenic (arsenical 
pyrites, etc), sodium peroxide, potassium bisulphate, etc. 


Methods of Analysis " 

I. Scheele's Method.^ 

One to two grams of the very finely powdered mineral (wolframite 
or scheelite), dried at 100"', is repeatedly evaporated to dryness in a 
porcelain dish with an excess of hydrochloric acid, t<J which^some nitric 
acid isjittally added, and the residue is heated each tirfle to about 95°. 
The final residue is then«digested with hydrochloric Ucid and water, the 
tungstic acid, which is invariably contaminated with silioa, filtered off, 
washed with hot watei^ washed off the filter paper into a beaker, 
dissolved in warm, dilute ammonia, the solution filtered through the. 
same filter paper Jnto a weighed platinum dish, the siliceous residue 
heated wfth hydrofluoric acid and a few drops o\ sulphuric acid, the 
solutioij pf ammonium tungsfeite^evaporated, the residue completely 
dried, and finally convertecP by strong ignition info yellow tungstic 
oxida W03XO*793 i qp Tungsten. • 

* Wolfranyte containing tin-stdne or*ai^en 1 ical pyrites is be<st treated 
•according fo this method. Fcfr^he determination ol tlie tin in tungstic 

* ♦ * • * 

* • 

^ C/, Ledo^x ^ Co., SouiA%Da%oia So 


Yines BulL, 1918, 12, 151. 
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acid containing stannic acid, J. H. Talbot ^ fuses the mixed oxides with 
six times their weight of potassium cyanide in a porcela^ crucible for 
half an hour, dissolves the fusion in hot water, collects and weighs the 
metallic tin, and deducts the corresponding weight of stannic oxide 
from the weight of the impure tungstic oxide. 


2. Berzelius’ Method. 

One gram of the ore is fused in a nickel crucible with three to four 
times the weight of potassium sodium carbonate (the absence of arsenic 
and antimony is assumed), the cold melt extracted with hot water, the 
solution neutralised with nitric acid, the carbon dioxide expelled by 
warming, iron and alumina precipitated by means of ammonia, the 
solution again neutralised with nitric acid, fhen a cold saturated 
solution of mercurous nitrate containing precipitated oxide of 
mercury in suspension ^ added until no further precipitate is formed, 
and finally a few drops of ammonia added until the precipitate 
begins to turn brown. The precipitate is allowed to settle, filtered 
off, washed with water to which some of the mercurous nitrate 
solution is added, dried, and converted into tungstic oxide by 
careful ignition in an open platinum crucible in the fume cupboard. 
By evaporating the residue with a few c.c. of hydrofluoric acid and 
one drop of sulphurjc acid, any silica carried down with the tungstic 
acid may be removed. The tungstic acid may be purified by solution 
in ammonia and evaporation to dryness as in method 1. 


3. Bullnheimer’s Method. 

This rpethod^' takes into special consideration the numerous 
minerals (scheelite, stolzite, tin-stone, arsenical ffyrites, motybdenite, 
fluor-spar, bismutfi, copper pyrites, quartz, mica, and other silicates) 
which accorrlpany wolframite bojh in poor and in rich ores. ^ 
The determination of the tungsten is carried out as follows : — One 
to two grams of finely powdered ore is mixed in a nickel crucible with 
4 g. of sodium peroxide, a small piece of sodium^ hyciro^adp (^about 3 g.) 
placed in the mixture so that jt rests on the bottom of the crucible, and 
then 1!h<f crucible warmed over»qufte a ^all Bunsen flam^ until the 
contents appear quite moist; The additi^ of sodjum hydroxide serves 
to render the mplt fluid, thfireby makih^it easier to prevent portions of 
the ore gettling*and adh6rin|[ lo*the* bottom of the crucible. If this 

1 Am,J. Scl, 1870 (ii), $0, 246. Cf. them^ Zeit, 1889, fa, 1479* * 

^ Gugliolmelli and Ji?! Hofdh, Abs,^ 19^8, 12 , 794* • * 

* Ckem, Zeiti 1900, 24, 870 ; J, i%hem. Soc, kbstr,<^ 1901, ^ 0 ^ 41 * 
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occurs, the crucible soon becomes eaten into, whilst otherwise it can 
used twenty times. The crucible is then heated with a larger flame, 
continually stirring with a nickel spatula, until the whole is quite liquid 
and the bottom of the crucible begins to glow. Wolframite is thus 
completely decomposed, whilst tin-stone is only partially attacked,, 
and some is left behind unchanged. After the fusion* has solidified, 
the crucible and contents, whilst still hot, are placed in “a beaker 
containing water ; when the contents have dissolved, the crucible is 
removed and the solution washed into a 250 c.c. flask. If the solution 
is coloured green with manganate, hydrogen peroxide is added till 
decolorised. After cooling, the flask is filled up to the mark, half the 
solution filtered through a dry, folded paper, and 20 g. of ammonium 
nitrate added. When the latter is dissolved, the solution is allowed 
to stand quietly until the silica and stannic acid have settled, and then 
a sufficient quantity of magnesium nitrate solution is added, in small 
quantities at a time, with continual stirring, to precipitate 'any arsenic 
or phosphoric acids present. 

The ammonium and magnesium salts used must be the nitrates, since 
chlorides or sulphates interfere with the subsequent precipitation with 
mercurous nitrate. After standing for from six to twelve hours, the 
precipitate is filtered off and washed, first with ammonia and then with 
water. It is essential to allow the silica and stannic oxide to settle 
before adding the magnesium nitrate, otherwise the precipitate easily 
carries some tungsten down with it. The ammonlacal solution is then 
made slightly acid with nitric acid, and after cooling, 20 to 30 c.c. of 
mercurous nitrate solution added. (The mercurous nitrate solution is 
prepared from 200 g. of mercurous nitrate, 20 c.c of concentrated nitric 
acid, a little water, then warmed, and when dissolved, diluted to 1000 c.c. 
and kept over mercury.) After several hours, ammonia is added until the 
solution has only a slight acid reaction ; it is then allowed to»~tand until 
the liquid*over the dark precipitate has cleared. The ^precipitate is then 
filtered off and thorouglfly washed with water containing mercurous 
nitrate. By the foregoing procedure,. the precipitate will^be found to 
be retained completely by the filter pfaper, and the washings will be 
perfectly clear. After drying, the filter paper is* ignited,' heated under 
the fume cjipboard dvqr a Bunsen burner, and thenjmore strongly over 
a blow-pipe with access of air until of^ constant weight. If much 
molybdenum is present, whiqh «s s%lddm the case, its volatilisafion is 
complete only after considerable time? The same end is somewhat 
more quickly attained, if,»after the*first^stron^ ignition, some ammonium 
chloride is mixed with the consents of *the* crucible, .which are then 
Strongly ignited, first with Jhq II^ .on end finally'with fhe lid off. 
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4. Cremer’s Metfiod.^ 

The finely divided ore is fused with potassium persulphate and the 
cooled mass extracted with hydrochloric acid and water and filtered. 
To the hot filtrate an excess of a solution of cinchonine in hydrochloric 
• acid (i:i) is added, the whole is boiled, allowed to stand overnight, 
then filtered and the precipitate washed with dilute cinchonine solution, 
dried, ignited, and^weighed as WO3. This is dissolved in ammonia, 
filtered and any residue ignited, weighed, and deducted from the weight 
ofthe^WOg. 

5. Analysis of low-grade Wolfram Ores. 

Hutchin and Tonks^ have worked out the following method, which 
is specially suitajple for the determination of tungstic acid in low-grade 
wolfram»ores, but it is not suitable for sch^elite. . About 5 g. or more, 
according to the richness of the sample, is weighed and digested in a 
porcelain dish with 20 c.c. of a 25 per cent solution of sodium hydroxide 
(free from chloride) on a water bath for thirty to forty-five minutes. 
After dilution, a little sodium peroxide is added to oxidise any decom- 
position products of sulphides and the solution diluted to 250 c.c. in a 
graduated flask ; 200 c.c. is filtered through a dry filter paper, acidified 
with nitric acid, and then made alkaline with ammonia. The solution is 
then boiled, filtered, the precipitate washed, the filtrate made slightly acid 
with dilute nitric acid, and mercurous nitrate added in excess, followed 
by a few drops of dilute ammonia. On stirring and warming, the pre- 
cipitate settles readily; it is filtered off, washed with a dilute solution 
of mercurous nitrate, the {^aper and precipitate ignited together in a 
porcelain crucible, or, if the ore is free from arsenic, in a platinum 
crucible, and weighed as tungstic oxide.'*^ 


• , 6. Analysis of Metallic Tungsten.^ 

Metallic tungsten, if in fine powder, ^ dissolved in ammonia 
containing hydrogen peroxide or in a solution of ammonium per- 
sulphate. Coarser powders ^re alternateljj moistened with fiftric 
acid and ignited in air and the ignited tungstic trioxide is dissolved 
after very fine grinding by adding it slowly Jo hot concentrated 
ammonia. Massive metallic tungsten is dissdlvecf electrcMytically in 
ammonia containing ammohii^jtn f>ersulphate, using i to 2 amp. at 
2*S to 3-5 volts, •or by dropping into n'ferly fused alkali mtfate. 


^ and 1895, 59 , *345 ; H. hutchin,* 7 >a«j. InsL Min, and Met, ^ 1918, 

27 , 354 - . • # . • • • 

** Trans, Inst, Mn. %nd X908-9, X 8|425 ; Weiss and^A. Martfti, Z, anorg, Chem,^ 

1910, 65, 287. • # % » k 

^ Cf, also Foote and Ransom, •.£'3^, if/w./,^i9i8, 105, 8^6. 

^ H. Arnold, Z, anorg, Chem,^ 191!^, 88, "j4, 333 fj^ftst. Metals, 12 * 330 ; 1915, 13, 351 * 
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Tl^e alkaline solution ' obtained is mixed with tartaric acid 
(one molecule for each molecule of tungstic oxide), acidified with 
hydrochloric ^acid and saturated hot with sulphuretted hydrogen. 
The precipitate obtained is free from tungsten but contains any 
molybdenum that may be present and is examined by the usual 
methods for copper, lead, bismuth, arsenic, antimony, and tin. The’ 
tungsten is then precipitated from the filtrate by pouring it slowly 
into an excess of hot strong hydrochloric acid. The precipitate is 
filtered and well washed with dilute acid, after which the remaining 
metals are determined in the filtrate by the usual methods. 

Carbon in tungsten powder is determined by combustion in oxygen 
and absorption of the carbon dioxide in potash. For massive tungsten 
electrolytic solution with low current density must used, the anode 
residue being submitted to »wet combustion with chromic acid (see 
pp. 41 et seg,). 

Sulphur in tungsten powder is best determined by combustion in 
oxygen and absorption of the sulphur dioxide in sodium hydroxide and 
bromine. For massive tungsten a solution is first prepared and sulphur 
precipitated from the concentrated solution, in the presence of nitric and 
oxalic acids by means of barium chloride. 

Silicon is mainly present as oxide and is determined by volatilisation 
with hydrofluoric acid, after the conversion of the metal into tungstic 
trioxide. A deep platinum crucible should be used to avoid loss of 
tungsten as fine dust. An alternative method for silicon consists in 
mixing an alkaline solution of the metal with tartaric acid and acidifying 
with formic or oxalic acid. The solution is ^evaporated to dryness, dried 
at 120° and digested with hot water until all the tungsten is dissolved 
and silica remains, which is filtered off, ignited, and weighed. 

Arsenic is precipitated from an alkaline solutioi) of the tungsten 
by means of magnesia mixture. As the precipitate is aIway^,contamin- 
ated witJhi tungsten ‘it is distilled with hydrochloric acid and cuprous 
chloride and the arsenic ccllected and titrated with io*cline. Phosphorus 
is determined by precipitation with magnesia mixture, evaporating the 
precipitate obtained with^hydrobromic ecid to remove arsenic and then 
reprecipitating the phosphorus. • 
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URANIUM 

Uranium compounds (sodium and ammonium uranate) and uranyl 
•nitrate, which are used in the manufacture of glass and for painting on 
porcelain, are for the greater part prepared from Uranium pitchblende 
(uranous-uranic oxfde, UgOg), containing up to 8o per cent intimately 
mixed with pyrites, arsenical pyrites, galena, etc., and which is found in 
Corn\^ll, at Joachimsthal, Johanngeorgenstadt, Adrianople, and other 
localities, Carnotite, KgO . 2UOg . VgOg. sH^O, found in Colorado and Utah, 
and to a lesser extent from naturally occurring hydrated copper uranium 
and calcium uranium phosphates, such as tobernite and autunite. 

Poorer ores w 4 iich come into commerce contain 30 to 60 per cent of 
UgOg) tKe Uranium of Carolina, Conhecticut, and Colorado contain 
only from 8 to 18 per cent Uranium minerals always contain radium 
and helium.^ Small amounts of compounds of copper, bismuth, silver, 
zinc, arsenic, and aluminium are also often present 


Methods of Analysis" 

I. H. Rose’s Method. 

About I g. of finely ground substance, dried at 100°, is warmed in a 
flask with 100 c.c. of Strong nitric acid, the solution evaporated to dryness, 
the evaporation repeated with 20 c.c. of hydrochloric acid, the residue 
taken up with hydrochloric -acid, 50 c.c. of a saturated aqueous solution 
of sulphur dioxide added, the solution warmed to reduce the arsenic 
oxide, boiled, and sulphuretted hydrogen passed in for some time after 
further dilution. ;The precipitate is filtered off, an excess of a cold, 
saturated »olul;ion of ammonium carbonate added to the filtrate, and 
then ammonium gulphide; zinc, iron, manganese, nickel, a^iRl cobalt 
separate as sulphides, whilst all the uranium remains in solution as 
uranous carbonate. When the* precipitate of sulphides has set 4 ied, 
the supernatant liquid is poured through a filter paper, the precipitate 
repeatedly washed tJy decantation with water containing some 
ammonium sulphide and ammonium carbonate, • after j^vhich the 
precipitate is brought on to ihe p^er agd thoroughly washed. The 
filtrate is boiled /or some ti mg,** hydrochloric acid added to decompose 
the ammonium sulphide, again boiled^ for a quarter of an hour, and 
then the uranoi^s oxide ^cJxidi^ed by boiling Vith a little nitrit acid. 
All the liranium is now precipitated as hydroxide with » slight excess 

^ Cf. C. Baskervillt^ Eng. and Min. J.y 1909, 87 »^ 57 ** ^ ^ 

* A summary of the best methoc^*of analysis i% given by iCern, J. Ame^. Chem^ 1901 » 



of anjmonia, the precipitate washed with dilute ammonium chloride 
solution, dried, and, by igniting in a platinum crucible with good 
access of air, converted into the oxide U^Og (UO2.2UO3), which is 
weighed, UgOg X 0 8481 = Uranium. The oxide is dissolved in 
hydrochloric acid, the solution diluted and any insoluble residue 
filtered off, ignited, weighed, and the weight deducted from the 
original weight. The amount of uranium in ^he ore Is usually 
expressed as a percentage of U^Og. 

a 

2. A. Patera's Technical Assay. 

One to five grams of the finely powdered ore is dissolved by heating 
for some time with a slight excess of nitric acid (sp. gr. 1-2), the solu- 
tion diluted, ferric chloride added if necessary, then ^excess of sodium 
carbonate solution, boiled for a short time, the precipitate filtered off 
and washed with hot water. The filtrate contains all the uranium 
and only traces of other metals. It is neutralised with hydrochloric 
acid, the carbon dioxide expelled by boiling, orange coloured sodium 
uranate precipitated with sodium hydroxide, the precipitate filtered off, 
washed with a little hot water, and dried. The filter paper is ignited in 
a platinum crucible, the dried uranate added, the contents of the crucible 
strongly ignited, and, when cold, brought on to a small filter paper; the 
free alkali contained in the uranate is washed out with hot water, the 
filter paper and contents again dried, ignited, and the pure sodium uranate 
(uranium yellow) weighed. 100 parts NagUgO^ = 88-55 parts U^Og. 

According to C. Winkler, the results obtained in the analysis of ores 
rich in copper are somewhat too high, on account of a small amount of ' 
unprecipitated copper being carried over into the alkaline solution. 

H. Borntrager ^ found that in the analysis of poor ores, and especially 
of uranium sands, considerable quantities of silica (tip to 4 per cent.) 
are contained in thg sodium uranate, and advises the .soliftion of the 
uraniunf' precipitate in h>^drochloric acid, the filtering off of the silica, 
the precipitation of the uranium in the filtrate with ammonja, and finally 

weighing it as UgOg ( c/. Method l). • 

« 

3. Determin^tioa of Uranium id Ores containing Phosphorus 
* *and Arsenic (R. Fresenius and E. l 4 intz).^ 

• % * t • 

Theisilica is separated as usiJdl fromHhe nitric acid,Jiydrochloric acid, 
or aqua regia solution, excess of potassium ferrocyanide added to the 
dilute •hydrochloric acid*solution, ^anc^ tjie solution thep saturated with 
socfium chloride. The precipitate, containing uraniujpjC'opperj^and iron 

• t * ^ 

1 Z. qnaLChefn., 1898, 37, 4^36 ; /«</., 1898, 17, 1184. * 

2 Z, atiaL Cherniy 1895, 34, 437 ; /. Chen^, Soc. 68, 536 ; cf. also E. F. Kern, 

r. Amer* Ckem, Soc.^ igo^ JM, 685 ; /. them, 1901, 20, 1144. 
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ferrocyanides, which soon settles, is first washed by decantation, an^ then 
on the filter paper with water containing sodium chloride, and is then 
treated with dilute potassium hydroxide without warming. When the 
decomposition of the ferrocyanides is complete and the hydrated oxides 
have settled, the solution is poured through a filter paper, the precipi- 
tate again washed once by decantation with water, and the hydrated 
oxides transferred to the filter paper with water containing ammonium 
chloride and ammonia, with which they are washed uninterruptedly until 
the filtrate, on acidifying, shows no traces of potassium ferrocyanide. 

ThS hydrated oxides are then treated with hydrochloric acid. If 
the foregoing operations have been properly carried out, they are 
completely dissolved. Should an insoluble residue of ferrocyanides 
remain, after washing, it must be again treated with potassium 
hydroxide, etc., as described above. , 

The solution of metallic chlorides contains no phosphoric or arsenic 
acids, if the precipitate of the ferrocyanides has been well washed ; it 
is concentrated, and if necessary the greater part of the free acid is 
neutralised with ammonia, to the clear solution a moderate excess of 
ammonium carbonate is added, and the solution allowed to stand for 
some time. The ferric hydroxide remaining undissolved is filtered off, 
» washed with water containing some ammonium carbonate and the 
filtrate and washings heated so as to remove the greater part of the 
ammonium carbonate. The solution is then acidified with hydrochloric 
acid, whereby the yellow flocculent precipitate produced by boiling is 
redissolved, and sulphuretted hydrogen then passed into the hot solution 
^to precipitate the copper. The copper sulphide is obtained free from 
uranium. The filtrate from the copper sulphide is concentrated, and 
the uranium precipitated with ammonia as hydrated uranium oxide, 
which is converted by ignition in an open crucible into UgOg, and 
weighed as such'. As a check, the contents of the crucible are 
ignited in a current of hydrogen and the weiglA of uranous oxide 
also obtained. ’ > 

According to published results, this method is to be recommen^d ; 
it is specially suited to the analysis of ores cpntaining uranium mica 
(phosphate) and uranium arsenate. 

• • 

4. Analysis of Uranijim-Vanadium Ores (Carnotite). 

• • • ♦ * 

The details of^nalysis are 4ekribea*u^der Vanadium, p. 352. 
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Vanadium is very widely diffused, though in inconsiderable quantities. 
It is found in many silicate rocks, particularly in those rich in magnesium 
and iron, also in clays, bauxites, in many oolitic brown haematites, and' 
even in lignites. The extraordinarily high percen^?ige of 38^5 per cent, 
of vanadic acid has been found in the ash of a lignite from San Rafael, 
Province Mendoza, Argentine. 

The best known ores with a high content of the metal are : 
Vanadinite, 3Pb3(V04)2,PbCl2, containing up to 19-3 per cent, of 
vanadium pentoxide, and Desclohite (often found associated with 
vanadinite), a hydrated lead zinc vanadate with up to 227 per cent. 
Other important sources of the metal are : Mottramiie^ a hydrated lead 
copper vanadate containing up to i8-8 per cent, of vanadium pentoxide ; 
Roscoelite^ or Vanadium mica^ containing up to 24 per cent. ; Camotite^ 
a hydrated potassium uranyl vanadate with 1 5 to 18 per cent. ; Patronite^ 
a mixture of vanadium sulphide with molybdenum trioxide, silica, 
alumina, and oxides of iron, etc., containing up to 10 per cent, of 
vanadium; and Anthracite (Asphaltite) rich in sulphur, which occurs 
in the Quisque and Yauli districts in Peru, and contains up to 1*5 per 
cent, of vanadium pentoxide. All these raw materials, including the 
ash of lignites, serve for the manufacture of vanadium preparations, 
chiefly ferro-vanadium. This alloy comes on the market with up to 
50 per cent of vanadium, and may be obtained, either free from, 
or containing carbon, 

». 

A. Detection of Van/Vdium in Minerals and Rocks 

Vanadium is detected in high grade minerals moistening with 
a drop of strong hydrochloric acid, when a deep red^'ColSur rapidly 
changing to green indicates its presence. The same test may be 
carried out by treating a few pieces of the mineral, ccyitained in a 
htSker with strong hydrochloric ac?d.^ The deep red colour forms 
at once when vanadium is present but soon chginges to a deep green 
colour, especially on^heating ; it is restored by the addition of hydrogen 
peroxide, t • ♦ • 

For the detection of very email quantifies of vanadium ^ in minerals, 
rocks of ^ag, $ g. of the iRrftly pulverised material <s fused over the 
blowpipe with a mixtttre of 20 g of sodium ii^rbonate and 3 g. of sodium 
nitrate. The mass is extracted with hot v^ate^, some alcohol added to 

« f « « 

• ^ C/,D,¥, Hewett, Amer, InsfMnt, 1909, p. 291 \J, Iron and Steel Insist 1909, 
80, $37. • , • . ^ 

* W. Hillebran 4 y^ Amer» Chem* Soc,^ 18^8, 20, 209 ; ^C^em. News^ 1898, 78, 216 ; Treadwell 
and Hall, Analytical ChemskrVt vol. i., p.fc.Qo. i 
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reduce any manganate formed, the solutioil filtered, the filtrate almost 
neutralised with nitric acid (the necessary quantity of the acid is found 
by a blank experiment), evaporated nearly to dryness, t4ken up with 
water, and filtered. The filtrate, which must be alkaline, is mixed with 
mercurous nitrate solution, which may cause a precipitate of mercurous 
■phosphate, arsenate, chromate, molybdate, tungstate, and vanadate, as 
well as of much b^sic mercurous carbonate. The liquid is boiled, 
filtered, the precipitate dried, detached from the filter paper, and 
heated in a platinum crucible in a draught cupboard. The residue 
is ignited and fused with a very small quantity of sodium carbonate 
and extracted with water ; a yellow colour of the solution indicates the 
presence of chromium. The solution is acidified with sulphuric acid, 
and traces of pl^atinum, molybdenum and arsenic precipitated by 
sulphureyed hydrogen in a pressure bottlf ; the^ precipitate is filtered 
off, the sulphuretted hydrogen boiled off, the filtrate evaporated down 
until almost all the sulphuric acid is expelled, and the residue dissolved 
in 2 or 3 c.c. of water ; a few drops of hydrogen peroxide solution are 
then added, when a brownish yellow coloration shows the presence of 
vanadium. 

In order to detect vanadic acid in the presence of chromic acid, 
E. Champagne^ recommends shaking the solution, which has been 
acidified with sulphuric acid, with hydrogen peroxide and ether. A 
blue coloration of the ethereal layer indicates chromium, while a yellow 
coloration (brownish .yellow if considerable quantities are present) of the 
aqueous solution shows the presence of vanadium. 

In the colorimetric test for vanadium by means of hydrogen peroxide 
interference may arise through the presence of titanium or iron. A few 
drops of hydrofluoric acid will remove the colour due to titanium and a 
few c.c. of phosphoric acid, that due to iron. 


B. Methods of Anai;vsis 

Volumetric Methods 

* • 

These methods arq always employed, as they are both rapid and 
very accurate. 

I. Tijtr^tion of Vanadyl sulphate^ with ♦Potassium permanganate. 

Vanadic acid*in a solution^acidified rith sulphuric acid is at once 
reduced to the tetroxide^ty sulphuretted hydrogen, or by sulphur 
dioxide. ^ After boiling off the feduciftg agent, the dilute bluish solution, 
which should be St a temperatu)^ of about 70°, ist titrated with dilute 
permanganate, wiiereby re-ojeidation to tlie \)entoxide occurs# • 

1 1^3, 36,'3i|4. 
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The end-point is shown by a reddish coloration. The reaction is 
represented by the following equation: — 

5V2O4 + 2KMnO, + 3H2SO4 = 5V2O5 + K2SO4 + 2MnS04 + sH^O. 

The iron value of the permanganate solution, multiplied by v6$2 
gives the vanadium pentoxide, or, multiplied by 0-916, the vanadium. ' 

The vanadium solution should contain from p*i to o-^ g. of the 
pentoxide and a few cubic centimetres of sulphuric acid in 500 c.c. The 
solution is mixed with about 30 c.c. of freshly prepared, saturated 
sulphurous acid solution, warmed, boiled, and the removal of the tulphur 
dioxide accelerated by passing in carbon dioxide. After boiling for 
half an hour, the escaping gases are tested for sulphur dioxide by 
passing them through a test tube of water rendered faintly pink by 
permanganate, which should not be decolorised (Treadwell). The 
reaction with starch ibdide paper is less sensitive. 

Hillebrand and Ransome (c/. Ore Analysis, i (^), p. 352) have 
observed that old solutions of sulphur dioxide in water, and also 
solutions of alkali sulphites, contain other oxidisable substances besides 
sulphur dioxide, which are not removed from the solution acidified with 
sulphuric acid even by prolonged boiling. 

Sulphuretted hydrogen is not usually employed as the reducing 
agent ; the filtrate from the copper, lead, and arsenic precipitate obtained 
in the course of the analysis can, however, be titrated with permanganate 
after boiling off the sulphuretted hydrogen (r/. Ore Analysis, i (^)), 
The titration can be repeated after passing sulphur dioxide through 
the solution, which has been cooled after titration (or a fresh addi- 
tion of aqueous sulphurous acid can be made), and boiling off the 
excess. 

2. Titration ofVanadic acid with Ferrous sulphSate (Lindemann)* 

€ * ‘ 

Lindfemann reduces the pentoxide to tetroxide in a cold solution, 

slightly acidified with sulphuric acid, with a solution of ferrous sulphate 
(or<errous ammonium sulphate) which has been recently standardised 
by permanganate; pota'ssium ferricyanide solution is used as the 
indicator. The reduction takes,, place in accordanbe with the 
equation ^ ‘ ' 

2FeO + Y,0,. 

Hence 55*84 parts of fcirous iron ^correspond Vb 50*96 parts of 
vanadium. ^ c « \ 

The solution of vanadic acid, Oxidfsdd •exactly according tp Linde- 
mann’s directions, is diluted to 300 c.c.„ind one-tiurd of the solution used 
in a preliminary experiment to Setermine^ the approximate volume of 
ferrous sulphate solution requi^eS. The titration is repeated with half 
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of the remaining solution, and the residual* third is used for a control 
determination. Chromium contained in the original substance is finally 
present as chromic chloride, which is not altered by permsPnganate. A 
special advantage of this method is that the presence of ferric iron in 
the vanadium solution does not affect the result 

• In the analysis of an ore, for instance, the vanadic acid can be 
accurately , determined in presence of the generally small quantity of 
iron, in the solution obtained by decomposition with hydrochloric acid 
or aqua regia after it has been freed from lead, copper, arsenic, and 
molybdenum by sulphuretted hydrogen, and the filtrate evaporated 
down and oxidised with potassium chlorate. In the titration with 
permanganate (Method i), on the other hand, the ferrous salt present 
is titrated as well, and an iron estimation is required to correct the 
result. Sjnee, to separate iron and vanadium, repeated treatment with 
alkali hydroxide is necessary in order to obtain vanadium-free ferric 
hydroxide, this applicability of Lindemann^s method is especially 
valuable. 


C. Special Methods for Ores 


X. Analysis of Vanadium Ores^ (Vanadinite, Descloizite, Cupro- 
descloizite, Mottramite), in the absence of Chromium. 

A suitable quantity of the average sample of the ore is decomposed 
with acids, or if necessary by fusion with potassium bisulphate (quantity 
not to exceed lo g.) and the solution obtained filtered if necessary. 
Ten c.c. of strong sulphuric acid (or 20 c.c. if much soluble matter other 
than vanadium is present) is added and the whole heated Until fumes 
appear. After cooling, a small quantity of powdered potassium per- 
manganate is added and the solution again heated to destroy organic 
matter, and Thei> allowed to cool. Hydrogen peroxide solution ^r^ee from 
organic matter and’ preferably containing 3 pgr cent. HgOg or more is 
added drop by drop until the excess of permanganate is decomposed. 
The solution is heated until fumg^s’ begin to appear, is then allowecTlo 
become quite cold and us subsequently treated by a method dependent 
on whether basic salts have separated, soluble salts have c^stallised out, 
or the solution remauis clear. 

(a) If jio salts have separated, .1 ck. o[ hydrogen peroxide ^ solution 
is added drop by tlrop from a pipette wi<h constant agitation of the 
solution. The excess of hycjfogen peraxWe thuj iiftroduced is cat^lyti- 
cally decomposed nn a few seconds t)y the vanadyl sulphate solutiondn 
strong sulphuric acW andno furthet^heatittg is required. It^s advisable 

^ A. W. Hothersdl, A-Sbe. 1924, 4^, 270T. 

® Cain and Hostett^. A Amer. S4i ?74* 
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however, to allow the solutJon to stand for lo to 15 minutes, after which 
it is^ diluted to 300 c.c., heated to 70® and titrated with standard 
potassium permanganate. 

(b) If salts have separated, water sufficient to dissolve them, but not 
more than twice the volume of strong sulphuric acid present, is added 
and the whole warmed until solution is complete. After cooling to room 
temperature, 5 c.c. of hydrogen peroxide solution followed by a few 
crystals (say o-i g.) of potassium bromide are added. The flask is 
covered with a watch glass and the solution set aside for twenty-four , 
hours, after which, in order to remove bromine and hydrobroncic acid, 
it is heated until fumes appear. j 

After cooling, a little water is added and the solution warmed to 
dissolve separated salts, diluted to 350 c.c. (or to 700 c.c. if much^ron 
is present), heated to 70° and titrated with standard potassium 
permanganate solution, a few c.c. of syrupy phosphoric acid being 
added to remove the iron colour if necessary. 

Whether reduction is conducted in strong acid solution (a) or dilute 
acid solution (^), in the presence of large amounts of copper, iron, or other 
elements giving coloured sulphate solutions, it is advisable to make 
blank determinations. 

Chromium interferes seriously with the determination and should be 
absent; molybdenum and uranium do not interfere. 

2. Analysis of Uranium- Vanadium Ores (Carnotite).^ 

(a) A, N, Finn^s Method ? — A quantity of the average sample which 
does not contain more than 0*25 g. of UsOg is weighed out, decomposed 
with hot sulphuric acid (i : 5), and the sofution evaporated until fumes 
of the acid begin to be evolved. After cooling, the residue is taken up 
with water and boiled with an excess of sodium carbonate solution until 
the precipitate settles well. The precipitate is filtered off, washed, 
dissolved in the snf^llest possible quantity of dilute sulphuric acid, and 
again precipitated. Th^ united filtrates and washings are acidified with 
sujphuric acid, 0*5 g. of ammonium phosphate added,, boiled, made 
alkaline with ammonia, boiled again for a few minutes, and the 
precipitate of ammonium uranyl phosphate, which contains all the 
uranium, washed ^i^fthjiot water containing some ammonium sulphate. 

The vanadium is titrated in the filtjate, with ^permanganate, after 
acidifying with sulphuric acid, fbllcwed by treatment with sulphur 
dioxide and removal of th# excess b;f boiling or by reduction with 
hydrogen peroxide as ^lescriBed above, t 

*The urapium precipitate is cJissolvefl irf sulphuric acid, , an ample 
•quantity of ^ granulated ^iq(C*|^ded, and the reduction allowed to 

’ QC Ct E. Scholl, Eng, 1919, ii, 842. 

1906, 28, I4V3* 
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proceed for half an hour; the solution is 'then filtered on the pump 
through an asbestos filter to separate zinc (and finely divided lead), 
and the uranyl sulphate solution warmed to about 6o° andnitrated with 
Njio permanganate.^ The iron value of the permanganate multiplied 
by 2*133 gives the uranium, or multiplied by 2*5167, the uranoso-uranic 
bxide UgOg. 

(b) Metfiod of Lec^oux & Co} — One gram of the ore, previously finely 
powdered and dried at 100”, is gently heated in a small beaker with 
25 c.c. of dilute nitric acid (i : 3), the solution filtered, and the residue 
washed^with hot water. The filtrate is diluted, the lead, copper, etc., 
precipitated by sulphuretted hydrogen, the solution filtered, and the 
filtrate boiled to remove the excess of sulphuretted hydrogen. 
Hydrogen peroxide is then added to oxidise the iron and the excess 
decomposed by boiling. The solution, whjch contains all the uranium 
arid vanadium, is allowed to cool, neutralised witli ammonia, an ample 
quantity of saturated ammonium carbonate solution added, and, after 
heating gently for a quarter of an hour, the ferric hydroxide precipitate 
filtered off. Since this precipitate retains some uranium and still more 
vanadium, it is dissolved in the smallest possible quantity of dilute 
nitric acid and reprecipitated. If it still gives the vanadium reaction 
when a few drops of hydrogen peroxide are added to its solution in 
nitric acid, the precipitation must be repeated once more. The united 
filtrates and washings are boiled in a large beaker to remove ammonia 
and ammonium carbonate, the solution finally becoming turbid by 
separation of uranium and vanadium compounds ; this turbidity is 
removed by adding nitric acid, drop by drop, to the boiling solution. 
'The beaker is then removed from the flame, 10 c.c. of a cold, saturated 
solution of lead acetate and a few grams of sodium acetate immediately 
added in order to precipitate the lead vanadate completely. The heating 
is continued for a short time on the water bath until the precipitate has 
settled, when it is filtered off and washed with hot water slightly, gcidified 
with acetic acid. No vanadium is contained uj the filtrate, but the lead 
vanadate ma}j retain some uranium. The precipitate is washed from 
the filter paper into a beaker, ar\d’ dissolved, together with the resicfue 
on the filter paper, in the smallest possible quantity of nitric acid, the 
solution diluted, a few cubic centimetres of lead acetate solution and a 
sufficient quantity of sodium acetate (5 to 10 g.) added, and the lead 
vanadatei^ now free from urariiuvp, Slte]jec> off. The filtrate is united 
with that first obti&ined and kef^t for the determination of the uranium. 

For the determinatior^ of the vanadium,, th*e lead vanadate is 
dissolved^in nitrit acid, amd thfe lead removed from the solution •by 
adding •excess df Sulphuric acid Igid ^filtering. The filtrate is boiled, 

' B^lohonbek’s metlio*!, Z, anal, CAgm.^ 1872, i/, 179. ^ * 

“ A. H. Low, Technical Methods ofVre^Analysis, lopS^ p. 204, 

IL 
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down in a flask until the sulphuric acid is evaporated off, taken up 
withV^ater, sulphur dioxide passed in, the excess boiled off, and the 
vanadium tetroxide titrated with permanganate. {Cf. The Volumetric 
Determination of Vanadium, p. 349.) 

To the solution kept for the determination of uranium, 10 c.c. of 
concentrated sulphuric acid is added, and the lead sulphat,e filtered" 
off. The filtrate is made slightly alkaline with ammonia,, boiled, the 
ammonium uranate which settles collected on a filter paper, and, without 
washing the precipitate, dissolved at once in dilute sulphuric acid (i :6). 
The solution is boiled dovn in a flask until sulphuric acid fum^ begin 
to be evolved, and finally, after reduction with zinc {cf, Finn^s method, 
p. 352), the uranyl sulphate is titrated with permanganate by Belohonjbek’s 
method (p. 353). \ 

The determination of vanadium in pig iron, steel, a'nd ferro-vanad|ium 
is described in the section on Iron and Steel, p. 77 - 


MOLYBDENUM 

The most commonly occurring minerals used for the manufacture 
of molybdenum preparations and of the metal, which is employed for 
special steels, and for the alloy with iron (ferro-molybdenum) are: — 
Molybdefiite, MoSg, and Wulfcnite^ PbMo04. The following minerals 
occur to a more limited extent : — Molybdite, M0O3 ; Ilseinamiite^ Mo^Og ; 
Molybdurane, UOg . UO3. 2M0O4 ; MolybdofcrritCy FcMoO^; Peteraite; 
FeCoMogOg,* Eosite^ PbgVgMoOig, The slags of the Mansfeld Copper 
Works also contain a considerable proportion of molybdenum. 

Detection of small quantities of Molybdenuni in Ores, etc. 

A f^ centigrams of the fine powder is heated, on a porcelain lid 
with one drop of nitric* acid and a few drops of distilled sulphuric 
aoW until it fumes strongly ; molybdenum, if present* dissolves as 
oxide, producing a deep blue colour/ 

% 

. Methods ok Analysis . 

The following are some ef thctan^lytical methods for mpjybdenite 
and wiflffinite, which have b^en proved.to be satisfactory : — 

C « 

. I, Determination of l\ftolyt>denui!i in Molybdenite. 

Molybdenum Sulphide Method. — Five grams of«a .finely 'powdered 
good average sample is bcyiled ctown'in an Hrlenmeycr flask with 50 cc. 
of concentrated nitric ‘acid to aljout lO c.'t^ the residue carefully taken 
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up with ammonia, and warmed until all the molybdenum trioxide is 
dissolved. The solution is then washed into a litre flask, mixecf with 
50 C.C. of strong ammonium sulphide solution, and sulphuretted hydrogen 
passed in until the solution acquires a deep brown-red colour. The 
solution is now made up to the mark, well shaken, and an aliquot part, 
t:orresponding to about 0-5 g. of the substance, filtered through a dry 
filter. Mc^lybcfenutp sulphide and sulphur are then precipitated by 
adding a slight excess of dilute sulphuric acid, filtered off, washed with 
hot water, dried, the filter paper incinerated in a Rose’s crucible at a 
modercie temperature, the sulphide and a little sulphur added, heated, 
and finally ignited for a quarter of an hour in a current of hydrogen. 
MoSgX 0-5996 = Molybdenum. 

Note. — Molybdenite should be nearly pure, and contain as little as 
possible of other sulphides, especially sulphide of copper. 


2. 'Determination of Molybdenum in Wulfenite. 


id) Sulphuric Acid Method} — Half a gram of the substance, in the 
form of very fine powder, is heated for about twenty-four hours on a 
boiling water bath, with 25 cx. of sulphuric acid of sp. gr. 1-25, to which 
a few drops of nitric acid have been added. The solution is diluted 
with water, filtered, and the residue washed with water containing 
sulphuric acid. The filtrate from the lead sulphate is mixed with 
excess of ammonia, ammonium sulphide added, sulphuretted’ 
hydrogen passed in for a long time, and the analysis completed as 
in Method i. 

In principle this method torresponds to that of C. Friedheim.^ 

{b) Method of the Bleiberg Mines Union^ Klagenfurth^for Wulfenite^ 
Slags^ and Residues containing Lead, — Half a gram of the finely 
powdered substance is heated for about an hour with nitric acid, 
diluted witlf its*own volume of water, in a covered, porcelain *^asin on 
a sand bath. A few cubic centimetres of sulp^iuric acid is then added, 
the mixture eyaporated on the w^ater bath, and finally on the sand bath, 
until sulphuric acid fumes are ^ei^olved, then ^diluted with water, the 
precipitate allowed tc^ settle, filtered off, and washed with water 
containing sulphuric acid. The filtrate is diluted, to 500 to 600 c.c., 
excess of ammonia and then 25 c.c. of yeltow,^ freshly* prepared 


ammonium sulphide added, filt<jrec^ heated, and dilute hydrochloric 
acid added, drop by drop, until the reacticji is just acid. After*boiiing 
for a quarter of an hour, thg very voluminous {precipitate should^settle 


quickly, and the^liquid b^ quite Colo^urless. A blue or brown colour 
shows the presftnte of ^molybdeilym, which must J^e pre^:ipitated by. 


’ Private communication from 1)/ C.»^hrens to Prof. Pufahl. ^ ^ 

* Cf. Btr„ 189$, 38 , 3061 ; 1896, J9, 2981 : J- •S'ot CKem. Ind., 15, 2 io ; 1897, 16, 263. 
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sulphuretted hydrogen. T^e precipitate is filtered off, washed with 
hot water, dried, and separated from the filter paper, which is ignited 
by itself in a porcelain crucible. The precipitate is then added, the 
sulphur carefully burnt off, and the residue heated, at first gently, 
and finally more strongly, until the whole mass is converted into 
long yellowish white crystals of molybdic acid. 

(c) Fusion Method . — This method is applicable to both wulfenite and 
molybdenite. One-half to one gram of the finely ground ore, dried at 
loo°, is fused in a porcelain crucible with six times the weight of 
sodium carbonate and sulphur. The fusion is extracted witff water 
the solution filtered, acidified with hydrochloric acid, warmed for some 
time, the very bulky molybdenum sulphide precipitate containing 
sulphur filtered through a weighed filter paper, and dried till 
constant. A weighed portion of this precipitate is then • strongly 
ignited in a Rose crucible in a current of hydrogen ; the sulphide, is 
thus converted into the black sulphide MoSg, and is weighed as suih. 
MoSjX 0-5996 = Molybdenum. 

3. Determination of Molybdenum in Ferro-molybdenum and in 

Molybdenum steel 

Cf. the section on Iron and Steel, p. 75. 
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METALLIC SALTS' 


By W. R. SCHOELLER, Ph.D., Metallurgical Chemist, London. 


POTASSIUM SALTS 


{See Separate Section, p. 399) 


SODIUM SALTS 

Sodium Sulphate. — See Vol. I., pp. 509-514. 

Sodium Thiosulphate, Na2S5,03-t-5H20 {Sodium Hyposulphite).— 
The pure salt forms colourless, prismatic crystals which melt in their 
water of crystallisation at 48-5‘’; they lose all their water at 215°, and 
decompose at 223° with separation of sulphur. One hundred parts of 
water dissolve : — 



“C. 

Parts 

”0. 

I Part!4 



1 Na 28 oO:i. 

• 

NaoSoOy. 



10 

61 

60 

206-7 



20 

70 

80 

248-8 



30 

84-7 

90 

264-9 



40 

102-6 

100 

206 



• 00 

169'7 


• 


According 

to Schiff, the spegific gravity of solutions at 

19° tc as 

follows : — 


• 

• 



Por cent. 

Na2«20;{ 5HaO. 

Sp. gx# 

Par cent. 
NaoSoOn 6HoO. 

8p. gr. 

I Pbf cenW • ^ 

NaoHaOo SHyO. ^ 

8p. gr. 

1 

1-0052 

10» 

1-0 129 

35 

1-1986 

2 

1-0106 

•15 

1 '0807 

• 40 

1*2297 

8 

1;0168 

• 20 . 

• 1*1087 

45 

1-2624 

4 

1*0211 

» 16 • 

• 1-1881 

60 

1*295# 

5^ • 

1-0^64 

30 * 

1-1676 




^ The writer is indebted to Mess^ Thomas Tyler & Co., Ltd., for infonnatioir eoncerning 
the commercial varieties and usuai impurities of many '||lditional sails described in this Edition. 

W * 
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TJpie salt is used in photography as a solvent for silver salts, on a 
large scale a^s “ antichlor in the manufacture of paper, and in dyeing 
and tanning. The commercial salt, in the form of pea crystals, is 
generally very pure ; it should contain 99 per cent, of the pentahydrate. 
The chief impurities are moisture, sulphate, and small quantities of 
other sulphur compounds. For photographic purposes,* the salt should 
be quite free from sulphide, which is ascertained hf the lead paper test 
or by addition of silver nitrate solution, which must give a white 
precipitate free from any dark tint. A 5 per cent, solution should give * 
no immediate turbidity with ammonium oxalate (absence of lime). The 
same solution, treated with a slight excess of iodine followed by barium 
chloride solution, should remain clear (freedom from sulphate and sulphite). 

Analysis, (i) A measured volume of dilute thiir'sulphate solution 
is titrated with iodine solution. (2) The same quantify of\the 

solution is then distilled with sulphuric acid into an excess of N^io 
iodine, and the excess of the latter titrated with A^/ 10 ‘thiosulphate 
solution. The thiosulphate consumes twice as much iodine in the 
second as in the first operation, while any sulphite present requires the 
same amount in each titration : — 

(1) 2Na,S.,0, + I‘> - Na,sp.3 4-2NaL 

(2) Nai.,63 + H.SO, - NaoSO^ + SO. + H^O + S 
SO0+2H.O + I0 =Hi04 + 2 HL 


If the volume of iodine used in the first titration = ^ c.c., and that 
in the second titration = c.c., then ib — ci) c.c. correspond to the 
thiosulphate, and {2a •-b') c.c. to the sulphite present. 

Alternatively, the thiosulphate may be*‘determined by warming the* 
solution with a measured excess of standard alkali and hydrogen 
peroxide, and titrating the excess alkali with standard sulphuric acid. 
Sulphite is oxidised to sulphate without consuming aikali : — 

^ ^ NajjS.O^j + 2NaOH + 4H.2O2 = 2Na.S04 + sHgO * 

‘ ^ “ Na.S 03 + I-LO. = Naio^ + H ,0. 

For the estimation of sulphide, a solution of the salt if treated with 
cadmium acetate in the presence of a'little acetic acid. The precipitate 
is filtered off and washed ; the precipitate and filtei; are stirred into 20 c.c. of 
hydrochloric acid (i ii),and the liquidis titrated with N/10 iodine solution. 

Sodium fjypo^ulpfhite, Na2S20^+2Hjj0 (Sodium Hydrosulphite, 
Blankit ). — The pure salt crystallise* *in^ needles, soluble in abou,t 5 parts 
of water.' On exposure the air,* both the solid salt and its 


aqueous solution ojJidi^se rapidJy to bisulphite. The salt is used 
extansively for bleaching, in indigo v^t*dyeing, and irr'the manufacture 
pf drugs and*dyestq/f intermediates. ^ J 

Amlyiisy Interference of atmospheric oxygen fs counteracted by 

#» • - ft ** 

^ De Bacho, ZTanal 1922, 6x. 2(79 ; see also ^^irriman, Chem. and Ind»^ 1923 (yi 

CAem, t I 
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titration in presence of formaldehyde. One g. of the salt is dis^lved 
in 5 C.C. of water and lo c.c. of pure concentrated formaldejiyde solution 
in the weighing bottle^ The stoppered bottle must be left to stand for 
twenty minutes. The solution is then rinsed into a graduated 500 c.c. 
iflask and^treated with 200 c.c. of water free from carbon dioxide, 2 drops 
of 0*1 per cent? methyl orange, and just sufficient N sulphuric acid to 
produce thh pink ti^ge. The liquid is diluted to 500 c.c. with boiled 
water, and 50 c.c. treated with phenolphthalein and Nfio alkali (free 
from carbonate) to faint pink ; the solution is now titrated with Nj 10 
iodine (free from hydriodic acid) and starch. Neither bisulphite nor 
pyrosulphite (metabisulphite) interferes in presence of excess of 
formaldehyde ; but neutral sulphite is converted into bisulphite by the 
above procedure.-* On the other hand, thiosulphate, which is always 
present, Causes high results : — 

(i| Na,S.04 + 2l, + 3 H ,0 = NaHSO^ + 4HI + NaHSOg. 

(2) 2Nai203 + l2 = Na,S40o + 2NaI. 

The solution, after titration with iodine, is therefore decolorised with 
a drop of thiosulphate solution and titrated with Njio alkali free from 
carbonate ; the acidity is a measure of the hyposulphite:— 

(3) NaHSO^j + 4HI + sNaOH - Na.SO^ + 4NaI + sH.O. 

The bisulphite formed in equation (i) does not interfere, as it combines 
with the formaldehyde. The amount of thiosulphate present is found 
by multiplying the number of cubic centimetres of N'j 10 alkali by 
0-8 and subtracting the product from the number of c.c. of Njio iodine 
*solution. The difference ct)rresponds to the thiosulphate. One c.c. 
Nfio iodine solution = 0004352 g. Na^SoO^. 

Sodium chloride is a frequent impurity of commercial hyposulphite. 
The solution, after' standing some time, is acidified with nitric acid and 
tested with silver nitrate. * 

Sodium Sulphide, Na.JS + glhp, forms large white cryst^s which 
melt in their water of crystallisation at 48”. According to Parravano 
•and Fornaini the saturated solution contains : — ^ 

at JO" 32'' 45° 

13-36 i6-2o I9*«)9 24-19 percent. Na.jS, 

• •.*.**• 

The specific gravity of solutions of the salt is given by Bock as 

follows ^ ‘ * 


Per cent. 


•P<r cent. 

. Na.jS. 

8 p. pr. 

-- 




2*»2 

1-0212 


^•1583 ^ 

5 -03 

, 1-0567 

16-12 

1*1810 
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Sodium sulphide is made on the large scale and is used in the 
manufacture of soluble soda glass, as a depilatory in tanning, for the 
preparation 8f sulpho-dyes, as a reducing agent for nitro-compounds, 
and as sheep dip. 

Four varieties are found in commerce: (i) fused commercial^ 
containing usually 6o to 65 per cent of Na^S with srpall amounts ot 
sodium sulphate and iron; (2) commercial i:;^i-^^/,^enerally«brown and 
containing a little iron and polysulphides; (3) crystal pure, large 
colourless, transparent crystals; and (4) sulphated soda, a complex 
mixture of polysulphide, thiosulphate, sulphate, carbonate, and sfilphite ; 
it contains about 45 to 50 per cent, of total sulphur, and finds 
application in agriculture. 

A solution of 5 g. of crystal pure” salt in 10 c^c. of water shbuld 
be perfectly clear. A S pen cent, solution, acidified with hydrochi^oric 
acid, should show only a slight opalescence (absence of other sulphur 
compounds). A black residue insoluble in water usually consists of 
ferrous sulphide, sometimes containing silica. 

Analysis, Ten g. is dissolved in water; the solution is filtered and 
diluted to 1000 c.c. ; the residue is dissolved in hydrochloric acid, the 
solution reduced with zinc, and titrated with permanganate for iron. 

{a) Estimation of sulphide: 100 c.c. of the filtrate is treated with 
acetic acid till weakly acid and titrated with A710 iodine solution. 
Another portion of 100 c.c. is treated with cadmium carbonate to 
eliminate the sulphide ; the clear filtrate is again titrated with iodine 
solution. The difference between the two readings gives the iodine 
corresponding to the sulphide, while the ^second titration determines, 
the thiosulphate present. 

{U) Sodium carbonate: 100 c.c. of the filtrate is titrated with Nj 2 
hydrochloric acid and methyl orange, and the amounj: of acid consumed 
by sodium sulphide is calculated from {a). The difference jp calculated 
to*sodiurA carbonatdl 

(^) Total sulphur : 10© c.c. of the filtrate is oxidised with hydrogen 
perof'ide or bromine to sulphate whiqh is then precipitaterJ in the usual 
manner with barium chloride. The cWfference between total sulphur 
and sulphide plus thiosulphate sulphui is calculaVcd to sodium sulphate. 

Sodium N^NOg, crystaflises in four-sided prisms, melting 

at 27 1 ^ One hundred parts of water dissolve: — 


^ ^ 1 , • 



• 


• 



•y 

Parts 

1 “C.* • 

• 

Parts A 

“C,. 

Parts 

m 

NaNOg. 

• JfaNOu. 

1 - ^ 

NaN02. 

i . . 

It . 

78* 

i ^0’ 1* 

•’ 98-5 

ft • 

147 

84 

50 

W.; • 

110 

178 

8cr • 

• 91*6 

« 

ft., 

70 t 

1 

120 

198*5 
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The salt is largely used for diazotising* in the manufacture oj coal- 
tar dyes (Germany consumed 10,000 tons in 1912). 

The commercial salt contains 95 to 98 per cent, of NaNO^, the 
usual impurities being nitrate and, occasionally, a little carbonate or 
* sulphate. The solution of the commercial article is generally alkaline, 
though the pure salt is neutral. A 5 per cent, solution, acidified with 
nitric acid, should ^ive no immediate precipitate with barium chloride 
or silver nitrate ; it should not darken on addition of strong hydrogen 
sulphide water (absence of lead). 

Analysis} The only quantitative estimation usually required is 
that of the nitrite. A solution containing a weighed quantity of the 
salt is run from a burette into a measured volume of standard 
permanganate solution, acidified with sulphuric acid, until the colour 
is just discharged. The permanganate ^solution is standardised in a 
similar manner against pure silver nitrite twice recrystallised from water. 
The purity Of this salt may be checked by ignition, and weighing the 
residual silver. Sodium nitrite for use in dye manufacture may also be 
standardised against pure sulphanilic acid (see Organic Dyes, Vol. IV.). 

If lead is found by the qualitative test, it may be determined by 
boiling a solution of 2 g. of the salt with sulphuric acid and evaporation 
to fumes. The cold acid is diluted with water and the lead sulphate 
filtered off and estimated in the usual manner. (See p. 226.) 

Sodium Silicate occurs in commerce as glassy transparent lumps, 
prepared by fusion t)f an equimolecular mixture of sodium carbonate 
and quartz sand. The material dissolves only very slowly even in hot 
► water, but the rate of solution is rapidly increased by heating under 
pressure. The salt is usually sold as a viscous mass (water-glass), made 
by boiling kieselguhr with caustic soda under pressure and evaporating 
the liquid to the desired consistency — ix, a sp. gr. of about 1*7. At this 
stage the eaass has the following composition : Si02 : 32 to 33 per cent, 
Na^O : 16 to 16*5^ per cent, other sodium salts* 2-5 to s'^per ceint, 
remainder water. • 

Water-gfess is used as a cement in the manufacture of ai^faificial 
stone, as an addition to toilet Soaps, in the cmlico printing and dyeing 
industries, for fresco cftlours, and in stereochromy. 

Analysis. Silicgi is determined gravi metrically by (^v^pejration with 
hydrochloric acid in the usual# manner. The total alkalinity is measured 
by titT^ition with N acid in^ •presente ^ of methyl orange; *For the 
estimation of free alkali the solution i^ dilutee^ treated with barium 
chloride solution, and fifterec^ ; ,the^* ffltrate •is titrated with acid. 
Alternatively tJig soluti?)n is saturated with sodium cbjoride arid an 
equal volume of alcohol addeS* to«..^r(ic^itate ^odiuin silicate; am 
aliquot part of the filtrate is "then titrated as before. 

^ See also Hoeg, 52, 43I. • 
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Sodium Phosphate {disodium hydrogen phosphate)^ Na 2 HP 04 
+ 1 2H2O, crystallises in colourless, transparent, efflorescent monoclinic 
prisms which melt in their water of crystallisation at 35®. At a red 
heat it is converted into pyrophosphate. One hundred parts of water, 
according to Mulder, dissolve the following quantities of anhydrous * 
salt : — “ 


“C. 

Parts 

NagUPO^. 

“0. 

Parts 

i NaoUP 04 . 

“C. 

Parts 

Na|?dP 04 . 

0 

2*5 

40 

' 63*9 

80 

96 -6 \ 

10 

3-9 

50 

1 82-5 

90 

97-8 \ 

20 

9-3 

60 

1 91-6 

91^ 

98-8 \ 

30 

I 24-1 

70 

1 95*0 

106-4 

• 79-2 ; 


The specific gravity of aqueous solutions at 19° has been determined 
by Schiff : — 


1 Per cent. 

fip. gr. 

Per cent. 

Bp. gT. 

j NaoHr '04 

XaolIP 04 12111.0. 

1 1 

1-0041 

9 

* 1 -037 6 

3 

1-0125 

11 

1-0460 

1 5 1 

1-0208 

12 

1-0503 

1 7 1 

i 1 

1 -0292 

• 



The aqueous solution is alkaline to litmus. Tfic salt is used in 
the manufacture of glazes, as a flux in soldering apd •svelding, in 
calico printing, for weighting silk, and as an impregnating agent for 
rendering wood and fabrics fireproof. It is included in the British 
Phartrlacopceia. • * 

A 5 per cent, solution *of the medicinM salt should give no immediate 
turbidity when acidified with hydrochloric acid and treate'd with barium 
chloride, 0% on tre^ment with nitric acid and silver nitrate ; hydrogen 
sulphide water should cause 410 dagkening of the solution. Tj;ie limit 
laid down* by the Pharmacogofla for fi^d and for ysenic is 5 parts 
per million (see Appendix, p. 3^7]. • 

^dalysis. The gravimetric •estima^jon ^ of phqjiphoric acid is 
unnecessary.# A weighed amount of fhe salt is dissoWad in Weitf^r, and 
an aliquot part of*the solufionTtitAted with N acid in presence of 
methyl, orange or cochineal. TJie end-pdipt*indicates the completion 
of the reaction Na2i^P04+H<|l = NaH2P04+NaCL 




MAGNESIUM SALTS 


363 


Sodium Acetate, CHgCOgNa+sH^O, forms colourless transparent 
prisms. One hundred parts of water dissolve, according to Schiavor; — 

at io° 20“ 30" 40^* 

41 49 57 65 parts of anhydrous salt, 

and the specific* gravity of solutions at 17*5° (Gerlach) is: — 


Per coiit. 1 

OHgCOtjNaSHoO. 

Sp. gr. 

Per cent. 
CHsCO^Na 8 H 2 O. 

Sp. gr. 

5 

1*015 

80 

1*0960 

10 

1*031 

35 

1*1130 

15 

1*047 

40 

1*1305 

20 

1*068 

45 1 

1*1485 

25 

1*0795 

50 ' 

1*1670 
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Sodium acetate becomes anhydrous at 120° and melts at 319°. It 
is used in the preparation of organic chemicals such as acetyl chloride, 
acetic anhydride, ethyl acetate, etc,; it comes into commerce as 
crystallised or fused (anhydrous) salt. Commercial sodium acetate 
usually contains small amounts of chloride, sulphate, lime, free alkali, 
and empyreumatic substances; a little iron and lead may also be 
present. Larger amounts of lead may be found in inferior samples. 
The purified salt should be odourless, free from the impurities mentioned 
above, and contain mot less than 99-5 per cent, of the trihydrate 
Chloride, sulphate, and heavy metals are detected as directed under 
.sodium phosphate (p. 362). 

Analysis , — Acetic acid is estimated as explained under calcium 
acetate (p, 367). To determine lead, a solution of 5 to 20 g. of the 
salt in water is acidified with a little acetic acid, filtered if necessary, 
heated to boiling,' and precipitated with potassium dichromate. The 
lead chromate fnay be ignited and weighed, or estimated iodirnetricaHy. 

MAGNl^StUM SALTS 


Magnesiuini SulplSate, MgSO^+7H20 {Epsom salts') forms white, 
transparent needle^ free from efflorescence, dissolving . in^ water to 
a neutral solution. One hundred parts of water dissolve (Mulder) ; — 


‘• 0 . 

• 

• 

Parts 

MgS 04 , 

• 

• 

.‘“C- 

- • • 

« 

Pafts 

• 

• c. 

- w "• 

Parts 

MgS 04 . 

0 

• 

•2(1*9 . 

40 I 

45*6 

80 • 

64*2 

10 

34*5 

50 • 

60*3 g 

• 90 

68*9 

20 

86*2 


• 55*0 

, 100 

• 73*8 

80 

40*9 

. ?o 

• 59*6 

X 

108-4 . 

0 

* 

• ?7*9 

• 
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Schiff determined the specific gravity of solutions at 23'* to be as 
follows : — 


Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

MgS 04 7H20. 

MgS 04 7 Hj> 0 . 

MgS 04 7H20. 

1 

1-0048 

10 

1-0487 

36 * 

1-1817 

2 

1-0096 

16 

1-0739 

‘ 40 

' 1-2108 

3 

1-0144 

20 

1-0997 

46 

1-2410 

4 

1*0193 

25 

1-1261 

60 

1-2722 

5 

1-0242 

30 

1-1686 




The salt is used in dyeing and for dressing cotton goods. It is 
taken internally as a purgative. The commercial article is sometijmes 
deliquescent, due to the presence of i to 2 per ce*nt. of magnesi^um 
chloride; sodium chloride *is also a likely impurity. Lower grades 
containing much foreign matter are sold in sacks. ' 

The medicinal salt must contain not more than a trace of iron 
and no zinc (ammonium sulphide test) ; it should be practically free 
from chloride. A solution of 10 g. in 20 c.c. of water should remain 
clear and colourless after one hour's heating in a closed flask on 
a steam bath. For lead or arsenic, the permissible maximum is 
5 parts per million (see Appendix, p. 397). Oxalic *acid and zinc 
sulphate have sometimes been sold for Epsom salts on account of 
their similarity in appearance. , 

For the estimation of magnesia in low-grade products, the weighed 
salt is dissolved in water. An aliquot part of the solution is heated 
to boiling and treated with bromine water*, 5 g. of ammonium chloride,* 
and ammonia in excess. Ammonium oxalate solution is added to 
the boiling filtrate : any lime present is removed by filtration. The 
filtrate is stirred and precipitated with sodium phosphate solution 
added <^op by dr/)p, followed by an excess of anamdhia. After 
standing for some houjs, the precipitate is filtered off, washed with 
10 ger cent, ammonia, and ignited to magnesium pyrophosphate. 
Alternatively, the washed precipitkbs may be washed free from 
ammonia with 50 per cent, alcohol, and dissolved in a known excess 
of Njz acid ; the excess is then measured with N/2 alkali in presence 
of methyl t)r 4 nge : * * 

2MgNH,P04 + 2H,S0; - JVlgH,(90 4)2 + MgSO, + (NHJ^SOii • 

• • «■ 

Magnesium Chloride, Ml^Cl^+SHgO, orystallises from hot, concen- 
trated* solutions as deli^uescerft peedlcjs. ^ The salt decomposes above 
186^, evolvir\g water and hydrochloric acid ind lesiyipg a residue of 
bxide.^ One Jiundr 5 d part% of w^er flissolve 

at ‘lo"* I 100® • 186® 

128 parts MgCl2. 
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According to Gerlach, solutions of the salt at 15“ have the 
following specific gravity: — 




Per cent. 
MgClj,. 

Sp gr. 

Per cunt. 
MgCla. 

Sp. gr. 

Per cent. 
MgCl:i. 

Sp. gr. 

1 

i-0084 

5 

1*0422 

25 

1*2274 

2 

1-0169’ 

10 

1 *0859 

30 1 

1*2794 

3 

1-0253 

15 

1-1311 

35 

1*3840 

4 

1-0338 

20 

1*1780 




The salt is used for dressing cotton goods, for fireproofing, and 
in the manufacture of magnesium oxychloride cement. 

The pure salt should give a clear solution in less than its own 
weight of water, and also in 90 per cent, alcohol ; it should be free 
from sulphate, and addition of ammonium sulphide should not darken 
the solution. . The chief impurities in the commercial salt are calcium 
and sodium chlorides and magnesium sulphate. Calcium is estimated 
by double precipitation with ammonium oxalate from a slightly 
ammoniacal solution containing excess of ammonium chloride. For 
the estimation of sodium, a solution of 2 g. of the salt is treated with 
a slight excess of barium hydroxide ; the hot filtrate is acidified with 
hydrochloric acid, and the barium precipitated with sulphuric acid 
added drop by drop. The filtrate is evaporated to dryness, the residue 
dissolved in a few cubic centimetres of water, and the solution treated 
with ammonia and ammonium oxalate to remove lime. The filtrate 
^is again evaporated to dryness; the residue is ignited in platinum, 
dissolved in water, the solution filtered, and evaporated to dryness 
with a few drops of sulphuric acid. The residue is ignited with a 
little ammonium c;arbonate to constant weight, and weighed as Na2S04. 
Magnesium^ is dtftermined as phosphate (see Magnesium Sulphate, 
p. 364) in the •combined filtrates from the calcium oxalate ju'ecipita- 
tion. Chlorine and sulphuric acid are estimated as usual in separate 
portions take® for analysis. 

Magnesium Carbonate occurs in commerce in two forms differing 
in density, hiit botlv consisting essentially of a basic carbonate 
3MgC03* Mg(OH)2, with varying ’amounts of wat^r. JS'Iagnesia alba 
levis is produced by precipitation of magnesium sulphate*whh sodium 
carboriwfee from a hot solution and*ha| a* density of about j, whereas 
magnesia alba fonderosa \s Obtained lay precipitation followed by 
evaporation to d/yness, and has a^derfsky of about 3-5. Both varieties 
are whitg powders insoluble ’in^ 'jv^ater, alkaline to moist litmus p^per, 
and reSdily and* completely soluble in^c?ic^.^ • 

Magnesium carbonate fof use in* the preparation of effervescent 
salines must conform to the followin*g ^tests. Three g*. mixed with 
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SO c.c. of water and a slight excess of hydrochloric, acid should give 
a perfectly clear liquid free from insoluble matter, which must not 
darken on treatment with excess of ammonia and a few drops of 
ammonium sulphide, nor give any immediate turbidity with ammonium 
chloride, hydroxide, and oxalate. The solution in nitric acid should 
give no chloride reaction with silver nitrate. The lead linyt set by 
the Pharmacopoeia is 20 parts per million, while the arsenic limit is 
5 parts per million (see Appendix, p. 397). 

Magnesium oxide may be estimated by ignition of a weighed ^ 
quantity over a blast burner to constant weight. Both the light and 
heavy varieties lose from 56 to 58 per cent, of their weight 


SALTS OF THE ^LKALINE EARTH ‘METAJ^S ^ 

Calcium Chloride, CaCl2+6H.30, crystallises in large hexagonal 
prisms, but the usual commercial article is the anhydrous sjflt in the form 
of granular, porous, deliquescent lumps. The hydrated salt melts at 
30'' in its water of crystallisation and becomes anhydrous above 200° ; 
fusion takes place at 780''. 

According to Roozeboom, 100 parts of water dissolve : — 


"C. 

Parts 

CaCJ2. 

"C. 

PartB 

CaCl^. 

f 

0 

59'5 

60 

136-8 

10 

65-0 

80 

147 

1 20 

74*5 

loe 

159 

40 

115-8 

170 j 

! 

255 


The specific gravity of solutions at is"' has been determined by 
Gerlach < * 


PflT Cftllt. 

uEoig. 

Sp. gr. 

Per cent. 
CaCla. 

c 

^ Sp. gr. 

t 

Percent. . 
CaCJ2. 

Sp. gr. 

1 

1-0085 

5 

1-0426 

' 25 ' 

1-2336 

2 I 

l*017t) 

10 

• 1 -0869 

30 

1-2879 

3 f 

‘ l-0i55 * 

16 

1*1836 

• 86 

1-3443 

4 

1-0341 

20 

1-1822 

40 

1-4033 

r“ t 






« • 


The salt is readily sotuWe in a^pohol. 

<Calcium chloride is produced ki l^g^ quar^titics as" a by-product in 
the manufacture of podium carjDonateJ potassiuip chleraete, ancf ’ chlorine 
by Wcld9n's process;^ it fs usefl chiefly as a dehydrating agent. It 
occurs M'ii three tra^e varieties 1 (a) fusld^- *a white translucent mass 
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containing 20 per cent of water, completely soluble in water; (J?) 
anhydrous: white, porous, deliquescent fragments; nearly anhj’xlrous, 
contains some basic salt, and dissolves to an alkaline solution ; and (^:) 
crude : large translucent brown blocks in sealed iron drums. This variety 
contains much basic salt and usually i to 2 per cent of sodium chloride. 

' The ^crystallised salt should be completely soluble in water or 
alcohol; a 10 ptr cent solution should give no turbidity with 20 c.c, of 
calcium sulphate solution after six hours (freedom from barium and 
strontium). Ammonium sulphide should produce no discoloration. 

The^ only estimation usually required is the alkalinity of the 
dehydrated varieties. The weighed sample is dissolved in water 
and the solution titrated with N/io hydrochloric acid in presence of 
phenolphthalein. 

Calcium Acetate, Ca(CH3C02)o + 2 H 2 O, forms white deliquescent 
crystals ^soluble in water or alcohol. One hundred parts of water 
dissolve (Lumsden): — 


c. 

Parts 

(OHHCOoXjCa. 

"C. 

Parts 

(CHyCX)o).2Ca 

10 

36*0 

80 

33*5 

20 

34-7 

90 

3M 

40 

33-2 

100 

29-7 

60 

32-7 




Crude calcium acetate is the raw material for the manufacture of 
acetic acid and its derivatives and of acetone. The commercial article 
*is very impure ; the lumps, which also contain carbonate and sulphate, 
owe their greyish or brownish colour to the presence of empyreumatic 
matter. 

The acetic acid content is estimated by distillation and titration of 
the distillable. ^Although the crude salt contains formate, propionate, 
and butyrate (the <;JistilIate containing 3 to 5 per cent, of the’se acids), 
the acidity found in the commercial assay is 'calculated to acetic acid. 
Four g. of the powder is treated with 200 to 250 c.c. of watdt' and 
20 c.c. of phosphoric acid (sp. grT i*6) in a 750 l.c. flask fitted for steam 
distillation and connedled with a I/ebig condenser. The flask is first 
heated by means ctf a flame, steam being applied lat^ft ^When the 
distillate measures 750 c.c. the operation jis interrupted ; the distillate 
is titr^d with A^sodium hydrgj^ide, with* phenolphthalein asf indicator. 
The phosphoric acid used mrust be free from nitnic acid ; if not, a few 
CgC. of ammonia; are add?d,^ apd thp acid is* heated to fusioft jp a 
platinum dish. ,4 the calcium acetate contains chlorides, a hot solution 
of silver’ sulphatei is aJded to thS liqjiid*ia the dfstilling flask ^before 
distillation, * * 
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A typical sample of crude acetate has the following composition: 
calcium acetate, 82; moisture, 4; water of crystallisation, 10 ; inorganic 
and organic impurities, 4 per cent The purified salt is occasionally 
used as a mordant in cotton printing. 

Strontium Nitrate, Sr(N03)2. — The anhydrous salt crystallises 
from hot concentrated solutions on cooling. A tetrahydrate stable at 
low temperatures is known. One hundred parts of water dissolve 
(Mulder) : — 



Parts 


Sr(N 03 >o. 

10 

54-9 

20 

70-8 

40 

91-8 

60 j 

gc-o 


Parts 

Sr(N 03 >j. 


97*2 

101-1 

m*9 


T 

The salt is practically insoluble in strong nitric acid and in absolute 
alcohol. It is largely used in pyrotechny, and it is generally very pure, 
containing only traces of calcium and barium. 

Analysis. For the estimation of calcium, 10 g. of the salt, dried at 
140®, is shaken with 50 c.c. of absolute alcohol for two hours ; $0 c.c. of 
ether is added, the mixture shaken and left to stand twelve hours, and 
filtered ; the residue is washed with ether-alcohol by decantation. The 
filtrate is evaporated to dryness, the residue dissolved in water, and the 
calcium precipitated as oxalate. 

Barium is separated and estimated as chromate. Two g. is dissolved 
in 600 c.c. of water. The solution is boiled and treated with 6 drops of 
acetic acid (sp. gr. 1-065) 5 c.c. of 10 per cent, ammonium chromate 

solution. After one hour the precipitate is filtered^ off, washed with 
water containing ammonium chromate, then with hot water, and 
dissolved in 2 c.c. of^nitric acid (sp. gr. 1-2). The solution is heated to 
boiling and reprecipitated with a slight excess of Ammonium acetate 
follo)^jgd by 2 c.c. of ammonium chromate solution. The ^orecipitate is 
collected on a Gooch c|:ucible and 'washed as before, dried, ignited 
gently, and weighed as BaCrO^. 

Estimation^ of strontium: 0*5 g.* is dissolved in water, and the hot 
solution pfecipitated with ammonia and^ ammonium carbonate. The 
precipitate is filtered off, \^as}ied' with dilute ammonium carbonate 
solution, and dissolved in 5^* c.c. of hydrochloric ackl. The solution 
is diluted to 300 c.c., heated «to boiling, and precipitated by 10 per 
cent, sulphuric acid added drop by dVop 1 from a** burett?. Thfe 
precipitate is filtered off, wa§hec|^witiif hot water, ignited, and weighed 
as SrS04c+- BaSO^. The bariuhi oxide -found in t&e preceding test 
is then* fleducted, giving stro^jtilim oxide. 
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Barium Chloride, BaCl2+2H20, forms colourless, transparent, 
rhombic tablets. One hundred parts of water dissolve: — ' 


“C. 

PartH 

BaCla. 

“ 0 . 

Parts 

BaCla. 

“C. 

Parts 

BaCla* 

10 

* 33-3 

1 

50 

43*6 

90 

65*6 

20 ** 

36-7 » 

60 

46-4 

100 

58*8 

so 

38-2 

70 

49*4 

104*1 

60*3 

40 

40*8 

80 

52*4 






The solubility decreases in presence of hydrochloric acid ; the salt is 
insoluble in the strong acid and in absolute alcohol. It becomes 
anhydrous at 113^ and melts at 960'^ 

Barium chloride is used chiefly for the preparation of artificial 
barium sulphate {plane fixe\ 

The salt should dissolve in water to a clear solution. One g. in 
10 C.C. of water tinted with indigo should show no rapid fading of the 
blue colour (absence of nitrate) on addition of 5 c.c. of strong sulphuric 
acid. An aqueous solution of i g., precipitated with 10 c.c. of 10 per 
cent, sulphuric acid and filtered, should give a filtrate yielding less than 
o-ooi g. of residue on evaporation. No heavy metals should be present 
(hydrogen sulphide test). 

For the determination of barium, i g. is dissolved in 3CX) c.c. of 
water. The solution,* acidified with 3 c.c. of hydrochloric acid, is heated 
to boiling and precipitated with NI2 sulphuric acid added drop by drop 
/rom a burette. The precipitate is filtered off next day, washed first 
with hot dilute hydrochloric acid, then with water, ignited, and weighed 
as BaSO^. 

Barium Nitrate, Ba(N0;>)2, occurs as colourless, transparent, cubic 
crystals whi^h melt at 593°. One hundred parts of water dissolve: — 


.p 1 Parts 

% BaCNOaXj. 

♦ 

• 

^0. 

Parts 

Ba(NO»> 2 . 

,10 * 7-0 

20 1 9-2 

50 , 1 17-1 

i 

80 

100 

102 

27-0 

.32-2 

« 34 *8 • • 


The solubility'is depressed *by nitric Scid or alcohol, the ‘salt being 
insoluble in the sjirong acid»and in abstokite alcohol. Large quaptities 
of bariutu nitrate*are used in jPyrqtecliny. * 

Th^ salt shouRl dissolve in vif»ter _tc» % clear solution free from any. 
turbidity due to barium sulphate. Cffloride should be absent l^silver 
nitrate test). The commercial article gometimea conta’ins iTdn and 
ir. . . - 2A • 
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lead, which are detected in the usual manner by means of ammonium 
sulphide. 

Barium Chlorate, Ba(C103)2+H20, crystallises in monoclinic prisms 
soluble in about three parts of water, and also in alcohol. The salt 
is used, like the preceding, in pyrotechny. The chief impurity is 
chloride, which may be present in quantities up to i percent. It' 
is detected and estimated by precipitation witl-j silver njtrate from 
the solution acidified with nitric acid. 


THORIUM AND CERIUM SALTS 

Thorium Nitrate, Th(N03)4-f 12H2O. This salt occurs in com- 
merce as granular, crystalline crusts containing on an average 4^ per 
cent, of thoria. The commercial salt does not correspond to a ki^owm 
hydrate but approximates to Th(N03)4+4Ho0. It is readily soluble in 
water and in alcohol. On ignition it leaves a white residue of 
thoria (ThOg). 

Thorium nitrate is largely used in the incandescent mantle industry, 
for which purpose it must be very pure, and contain not more than 
traces of heavy metals or iron, not more than 0-004 cent, of 
phosphorus, and no detectable traces of cerium and chlorine. The sum 
of alumina, magnesia, lime, and alkalis should not exceed 0-05 per cent. 
Twenty-five g. of the salt should dissolve completely in 25 c.c. of cold 
water to a clear solution showing only the slightest trace of a yellow 
colour. 

Analysis, Sulphuric acid: Commercial thorium nitrate always^ 
contains from o-8 to 1-5 per cent, of SO3, which is purposely added to 
ensure the formation of a light, voluminous oxide on ignition. For the 
estimation of sulphuric acid, 10 g. is dissolved in ,250 c.c. of water; 
5 c,c. of strong hydrochloric acid is added, followed by ^ g. of pure 
o^^alic add. The ^solution is heated on the water-bath until the 
precipitate becomes granular and settles well, then 'cooled, and diluted 
to 5QP c.c. Four hundred c.c. is filtered through a dry .-paper, boiled, 
and treated drop by dr^p with 25 c.cr of 10 per cent, barium chloride 
solution. After standing overnight the precipitate is ♦collected, well 
washed, dried,, iga’fed^ and weighed as BaS04. 

Thorm^ (residue on ignition) : 2 g. js moistened with 4 drops of 
25 per qei^t. ammonia, and hbated Sn A platinum crucible untii ilitrous 
fumes are evolved. ^After cooling a further 4 drop? of ammonia are 
added, and the salt is heated mhtil ,no furlfher fumes, are disengaged. 
The residue ^is heated over a blast bvirnSr fo; twenty minutes, cooled, 
and weighed as Th©2- N^t JeSs«thaii!*'48 per celit. should be fouhd. 

Iron and*heavy metals: 20 c.c. of a,«30,per cent, solution should 
give only a sligh^ •rose colopr with 10 c!c. of 2 per cent, potassium 
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thiocyanate solution, and only a very slfghtly darkened liquid with 
50 cx. of saturated hydrogen sulphide water. 

Chlorides should be absent, Le, the usual silver nilfrate reaction 
should be negative. 

, ‘‘ Didymium ” : The presence of any appreciable quantity of the 

two didymium* metals reduces the luminosity of the mantle. For a 
qualitative* test, 2i»g. of nitrate (approximately 10 g. of thoria) is 
dissolved in 50 c.c. of water, and 25 c.c. of dilute sulphuric acid (500 g. 
of the strong acid diluted to 1000 c.c.) is added. After stirring a short 
time, tfffe bulk of the thoria is precipitated as a crystalline sulphate. 
The solution contains practically all the didymium, lanthanum, etc., 
with about 5 per cent, of the thoria. After standing for one hour, the 
precipitate is supked dry on the pump and washed with 20 c.c. of 
5 per cent, sulphuric acid. The filtrate is treated with a slight excess 
of ammonia ; the precipitated hydroxides are filtered off by suction, 
washed free -from sulphate, and dissolved in 4 c.c. of nitric acid (69 c.c. 
of strong acid diluted to 250 c.c.). A piece of gas mantle fabric is 
soaked in this solution, allowed to dry, and burnt in a gas flame free 
from hydrogen sulphide. The ash should not show any red tinge. 

Phosphoric acid: 50 g. of nitrate is dissolved in 125 c.c. of water 
and 25 c.c. of strong nitric acid. The solution is treated with 125 c.c. 
of molybdate solution (40 g. ammonium molybdate in 335 c.c. of 
water and 65 c.c. of 25 per cent, ammonia; the solution is poured into 
230 c.c. of nitric acid and 370 c.c. of water) and 50 g. of ammonium 
nitrate, and allowed to stand overnight on a water-bath. The pre- 
,cipitate is collected, washed, with acidulated 15 per cent, ammonium 
nitrate solution, and dissolved in 15 c.c. of 6 per cent, ammonia. The 
solution, which should not exceed 40 c.c. in volume, is neutralised with 
strong hydrochloric acid until the yellow precipitate first formed just 
redissolves. ^ Ten cc. of 25 per cent, ammonia and 8 c.c. of magnesia 
mixture are a 3 dcd, and after standing four hours the prefipitate ’ is 
filtered off, washed with dilute ammonia, ignited and weighed as MggPgO^. 

Cerium is^detected by heating, a solution of several g. of tte salt 
with ammonia and hydrogen ’peroxide. No yellow colour should 
develop in th® precipitate. 

Alumina, magnesia, lime, alkalis : A solutiogi o6 40«g.,of nitrate in 
130 C.C. of water containing 2 c.c. of nitric acid is precipifated with 
195 g.^T pure oxalic acid. Tlj^ liquid* is diluted to 400 ao. ;. 200 c.c. 
is filtered through a dry paper and evaporSted to dryness in a platinum 
crucible. The rssidue is igjnitejl anc^’w-bighed* its weight shoiJd not 
exceed 001 g. . , 

The oxalic acW used in the te’sfts s!|ould t)e purified by^recrystallisa- 
tion of the pure commerckil acid from ^trong hydrochloric acfd,;,in any 
case blank tests must be conducted with the reagents^ 
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Cerium Nitrate, Ce(N'0s)8+6H20, occurs as colourless, deli- 
quescent crystals readily soluble in water and in alcohol. It should 
yield a mininfUm of 39 per cent. CeOg on ignition ; the ignited residue 
should be of a pure light yellow colour. 

The salt is added to thorium nitrate so that the thoria in the gas , 
mantle contains i per cent, of ceria. The cerium nitrate is analysed 
in the same way as thorium nitrate. 

ALUMINIUM SALTS 

Aluminium Sulphate, AlgCSOJg+iSHgO, when pure, contains 
15*3 per cent, of alumina; 14*5 per cent is generally guaranteed in^the 
commercial article, but products richer in alumina (17 to 18 \per 
cent.) are also sold. The pure salt crystallises with difficulty in t^in, 
six-sided plates, very soluble in water: 100 parts of water dissolve \at 
o®, 86-8 parts, and at 100'', 1132 parts of the hydrated ’salt. When 
heated, aluminium sulphate melts in its water of crystallisation and 
becomes converted into the anhydrous salt The latter decomposes at 
a red heat, leaving a residue of alumina. 

Aluminium sulphate is largely used in dyeing as a mordant, and for 
sizing in the manufacture of paper. 

Detection of impurities} A residue insoluble in water is sometimes 
obtained ; it consists essentially of silica and of very small quantities 
of alumina and lime, but its amount is generally negligible. Iron is 
the most harmful impurity in dyeing, and only small traces should be 
present. It is tested for by heating the, aluminium sulphate with a» 
little pure nitric acid, adding potassium thiocyanate solution, and 
extracting with ether, a blank test being carried out with the distilled 
water and reagents used, o-ooi mg. of iron suffices to impart a distinct 
rose colour to the ether. With gallic acid solution, traces ,of iron give 
a bluish-violet coloration ; larger quantities yield ^ bluish-black ink- 
like colour. Copper is dfitected by the reddening of a clean piece of 
iron iRimersed in the solution. For .the detection of leadzxiA zinc^ the 
solution is treated with pure sodium hydroxide till the precipitate first 
formed redissolves ; any ferric hydroxide is filtered off and the filtrate 
treated wijh .hj drogen* sulphide. If white the pre^'ipitate is tested for 
zinc by solution in hydrochloric acjd and precipitation with potassium 
ferrocyaciide ; if discoloured,, if is alsb^tested for lead by solution in 
nitric add and addition of amfnonium acetate and potassium dichromate* 
Zinf fe often present, e'speciaHy^.in •piy^ducts of Frepch manufactuje 
Chromium o(?curs in some preparations, especially tl\o§e manufactured 
from I/ish bauxite.* According j 4 :o Marchal and Wiernik,^ it may be 

• • f* • 

Cp vop K^ler and Lurifge, Z, angew. dhem,^ 1894, 7, 670. 

^ Z, Oiigew* Chem,^ 4 t 
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detected by warming the solution with ♦a small quantity of freshly 
precipitated manganese dioxide, prepared by the interacfion of 
manganous sulphate and potassium permanganate in •equimolecular 
proportions. In presence of even very small quantities of chromium, 
a distinct yellow coloration is visible in the filtrate, which is turned 
temporarily blue by hydrogen peroxide. Arsenic is found in traces in 
most commercial samples ; for its detection cf, p. 397. Free sulphuric 
acid is detected by extracting the thoroughly dried sample with 
absolute alcohol and testing the solution with litmus paper ; a more 
convenient test is with tincture of logwood made from i part of 
logwood extract, 3 parts of distilled water, and i part of alcohol ; the 
violet colour of the tincture is turned to brownish-yellow by free acid. 
If the quantity of free acid is very small, the quantitative method 
iff* P- 3/i4) must be used. 

Quantitative analysis. This is generally confined to the estimation 
of alumina ;^in some cases it is extended to the estimation of iron and 
of free acid. 

Almnina is usually determined gravimetrically by precipitation with 
ammonia. Blum’s method^ consists in adding ammonium chloride 
and a slight excess of ammonia, heating the solution till it just boils, 
and filtering. Lunge ^ found Blum’s procedure to be preferable to 
Fresenius’s method, in which the boiling is continued until all the free 
ammonia has been driven off. Ferric oxide, silica, phosphoric acid, etc., 
are, of course, precipitated with the alumina ; the amount of these in 
commercial aluminium sulphate is seldom appreciable. 

Kretzschmar^ recommends the phosphate method as being very 
accurate. Ten g. of the afum or aluminium sulphate is dissolved in 
water and diluted to 500 c.c, ; 50 c.c. of this solution is treated with an 
excess of sodium phosphate and a little sodium acetate, and the 
precipitate dissolved in dilute hydrochloric acid. The solution is 
heated to Soiling, a large excess of concentrated* sodium tkjpsulpbate 
solution added, aitd the mixture boiled unti] the precipitate settles as 
soon as the vessel is removed from the wire gauze ; longer boiling must 
be avoided. The precipitate is, filtered off, thoroughly washed with hot 
water, dried, and ignj^ed, finally with free access of air. The weight of 
the precipitate multiplied by 0-41^5 gives the weight of alumina. 

The volumetric? methocl is much more rap'id. Stoclc’s Method ^ is 
as folk^ws; the salt (aluminiunusuiphate or alum) is dissolved in water 
freed from carb#>n dioxide hy boiling, j The solution to be* titrated, 
which should not contaig more thapn^o-5 potassium alum per 

1 Z.^ml Chem •!%%%, 27,^9. angew. 1889, f2, 635 - 

« OJm. l89cf 14, 1223. • • u , 

^ Bef\ 1900, 33, 552 ; see ako Kolthoff, Z. (^ftorg. Chem* 1921, 1I2,, 172^, ,Tjngle, Ind, 
Eng. Chem.^ 1921, 13, 420. 
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lOO cc, is treated with excess of barium chloride (lo cx. of lO per cent 
.solutidh per g. of alum). The precipitated barium sulphate promotes 
the settling of the aluminium hydroxide and enables the end-point to 
be easily observed. The liquid is heated to about 90° and titrated 
after addition of phenolphthalein, with Njio or Nj^ sodium hydroxide, 
solution to the appearance of a faint pink tinge. The jstandavd alkali * 
solution must be free from carbonate, which is ensured by the addition 
of barium chloride. 

Iron, As the amount of iron in aluminium sulphate is small, the 
colorimetric method of determination with thiocyanate is used^ this is 
given in detail under “ Sulphuric Acid ” (Vol. I., p. 453). One to two g. 
of aluminium sulphate is dissolved in a little water, and the solution 
warmed for a few minutes with i c.c. of iron-free nitric acid. \The 
solution is cooled, diluted to^50 c.c., and transferred to the colprim\eter 
cylinder for comparison with the standard iron alum solution. \ 

If it be desired to estimate both ferrous and ferric irpn, the total 
iron is estimated in one portion as described ; a second portion is 
dissolved in air-free, distilled water in an atmosphere of carbon dioxide, 
and the ferric iron estimated colorimetrically without addition of nitric 
acid. 

Aluminium sulphate for use in turkey-red dyeing should not 
contain more than o*ooi per cent, of total iron ; ferrous salt is less 
harmful than ferric. The presence of zinc, which, however, seldom 
occurs, is also injurious to the colour. In dyoing printed woollen 
goods, on the other hand, iron is not nearly so injurious. In the 
manufacture of paper, an iron content up to 015 per cent, has no effect 
in sizing good quality writing-paper ; ^ while products containing from ’ 
0*3 to 0-5 per cent, of iron can be used only for poor quality papers. 

Free Acid, The only method to be recommended for technical 
purposes is that of Beilstein and Grosset.^ One g. 'of the sample (or 
2 g. in th^^case of samples poor in acid) is dissolved in 5 cfc. of water ; 

5 c.c. of a cold, saturated qeutral ammonium sulphate solution is added, 
and tl\g mixture allowed to stand with frequent shaking^for a quarter 
of an hour; it is then precipitated l 5 y, 50 c.c. of 95 per cent, alcohol, 
the precipitate filtered off, and washed with of ^alcohol. The 

filtrate is evaporated on the watei*-bath, the residue taken up with 
water, and^hfs solution*titrated with iV/io alkali and phenolphthalein. 

Other constituents, Zinc®s^jouW i>e 'estimated whenever .present. 
The simplest method is to ad|I sufficienf barium acetate to the solution 
to preqpitate the whole ^f the sulphuric aci^, and then to estimate the 
zincin the filtrate as sulphide. 

^ Papyr-Zeit,,^%^\^ 2327. 

^ Z, ai\a^ Vkem^y 1890, 29, fi. For a recent methocir noti» involving the use of alcobok see 
Zschokkc and HUuselmann,*C^^/«. ZeiUy 4922, 46, 302. * 
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Alums. — The alums of the alkali metals crystallise in colourless 
regular octahedra. One hundred parts of water dissolve dTt 16'’ ; 
hydrated sodium alum, 51 parts; hydrated potassium akim, 15 parts; 
and hydrated ammonium alum, 12 parts. The examination of these 
^ salts is conducted as described above for aluminium sulphate. The 
estimatil^n of .the ammonia and of the alkali is carried out by the 
ordinary methods. « 

Sodium Aluminate is used in dyeing, printing, in preparing lakes, 
and sometimes in sizing paper ; also in the manufacture of milk-glass, 
for hai Selling bricks, and in soap-making. The analysis is generally 
limited to the estimation of sodium oxide and of alumina ; impurities 
such as insoluble matter, silica, and iron are sometimes determined. 

For the estim^ation of sodium oxide and alumina^ 20 g. of the salt is 
dissolved in water and the solution made up to 1000 c.c. Twenty-five c.c. 
is diluted and treated with carbon dioxide in presence of a little phenol- 
phthalein until the red colour is discharged ; the precipitated aluminium 
hydroxide is filtered off, washed with hot water, ignited, and weighed 
as alumina. The filtrate is titrated cold with iV/5 hydrochloric acid 
after addition of methyl orange, and the number of cubic centimetres 
used calculated to Na.^O. One c.c. N\^ acid =0-0062 g. NugO. 

The insoluble residue is estimated in 10 or 20 g. of substance as in 
the analysis of sodium carbonate {cf, Vol. I., p. 558); hardened filter 
paper should be used for the filtration. Silica is estimated by 
evaporation with hydrochloric acid, filtration, and washing in the usual 
way. Bayer states^ that sodium aluminate solution dissolves only a 
, few tenths per cent, of silica, just as conversely water-glass solution 
can take up only traces of alumina. Traces of hvn are detected as 
described on p. 374, 

Other Aluminium Salts. — Certain salts {e,g, the acetate, thiocyanate 
chloride, hypochlorite, sulphite, thiosulphate, chlorate) are used as 
mordants in dyeing and in calico-printing. Theiy are not, ♦as a role, 
examined chemically, because the analytical data give the manufacturer 
but little infcrmation as to the^ practical value of the sample It is 
preferable to carry out a practical test, eitheri^.in dyeing or in printing, 
and to compare the# result with that obtained with a standard” 
preparation. 

CHROl^IUM^SALTS 

Potassium Chromate,* (yellow or^ neutral chromate of 

potassium, containing 51-^ per c^nt/OOg). ffhe pure salt crystallises 
in citron-yellow Vhombie pyramids; its aqueous solution reacts sH|fhtly 
alkaline to litmi^ ^nd* neutral tm ph^i!olphthalei». It is insoluble in 
alcohol, and is partially hydi^plysed in^aqueous solution mto» pdtassium 

^ Z. angew, Chem,^ iSfl, 4» # 



dkhromate and potassium- bydroxidt. It 80 ili«tlri»«» wmwiwtege 
auanftties of the isomorphous potassium sulphate as impurity * the 
aqueous solution, strongly acidified with hydrochloric aCid, then gives 
a white precipitate with barium chloride. For the quantitative estima- 
tion of the sulphate the aqueous solution, acidified slightly with hydro-^ 
chloric acid, is precipitated with barium chloride, the prqcipitatfe washed* 
by decantation and digested with hydrochloric ,acid and, alcohol to 
dissolve the barium chromate. The content of chromic anhydride is 
determined by strong acidification of an aqueous solution with sulphuric * 
acid, reduction with an excess of ferrous ammonium sulphffte, and 
titration of the excess of ferrous salt in the ver)' dilute solution with 
potassium permanganate (</ p. 22). 

According to Kremers, Schiff, and Gerlach, the specific gravities of 
aqueous solutions at 19-5' arg as follows: — t 


1 

/ Percent. 

1 Sp gr. 

Pf‘r cen t. 

Sp. gr. 

Per cent. 

1 KoCr04 

KjCrO^ 

KjCr<>4 

1 1 

1*008 

11 

1*093 

21 

1 2 

1*016 

12 

1*101 

22 

1 3 

1*024 

13 

riio 

23 

4 

1*033 

14 

1-120 

24 

6 

1*041 

15 

1-129 

25 

6 

1*049 

16 

1-138 

26 

7 

1*058 

17 

1-147 

27 

8 

1*066 

18 

1-1.S7 

28 

9 

1*075 

19 

1-167 

29 

10 

1*084 

20 

1-177 

30 




Sp gr. 

• 

I'prewt. i 
KjCj<>4 < 

1*186 

31 j 

1*196 

32 

1*207 

33 

1*217 

34 

1*227 

35 ' 

1 *238 

36 ! 

1*249 

37 ' 

1*259, 

38 1 

1*270 

39 

1*281 

40 1 

_ 

1 


flp. gr. 


]-292 
1*304 
1*315 
1*327 
1 *339 
1*351 
1*363 
1*375 
1*387 
1*399 


One hundred parts of water dissolve at : — 


“C. 

• ✓ 

Parts 


Parts 



« 

Parts 

K/’rO. 

disHolvea. 


KoCrOi 

dissolved. 

"0. . ' 

• 

K 3 Cr 04 

dissolved. 

i» 

68 90 

• 

40 

66-98 

80 ^ 

76-06 

60*92 

60 

• 69-00 

90 

77 08 

20 

62 91 

• 60 

•71-02 

100 

79-10 

SO 

64*96 

70 

73-04 

%« • 


• 


• 



• 

• • • • 



c 
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Sodium Chromate, NagCrQ^-f^ioMoO. This salt, which very 
soluble in water, crystallises in yellow needles from & hot solution of 
-®P* the crystuls are* s^ai;^ted fi<Dm the adhering mother- 

liqudi' centrifugally. The salt deliquesces rapidly and liquefies# Alkafi 
sulphate ancf carbonate are, thg chifef impurtties. *The content of 
chromic a^hySride is estimated 6y titration ajs described above under 
potassidm chr6mate.* * 



X>idbr<MEaate, K 2 Cr 207 (bJchromate of potash, red or acid 
chromate of potassium, containing 67-98 per cent CrOg). TBe salt 
comes into Commerce as fine orange-red triclinic crystals which are 
usually contaminated with some potassium sulphate, and which also 
leave a small insoluble residue on solution in water. It is fusible, like 
* the neutral salt, at a red heat, and at a very high temperature is 
decomposed into thp neutral salt, chromium sesquioxide, and oxygen. 
The solid salt and its aqueous solution are very poisonous and cauterise 
strongly. It is insoluble in alcohol. 

Potassium dichromate is the source of almost all the other chromium 
compounds ; it is also largely used in dyeing and printing, and as an 
oxidising agent. 

According to Alluard, too parts of water dissolve at : — 


• — 

I’arta 


* 

Parts 


Partft 

c. 

KiCriOv 

“C. 

Ko(’r,()-: 

“C. 

KyCraOy 


, dissolved 


dissolved. 


dissoUoa. 

0 

4‘G 

40 

25*9 

80 

68*6 

10 

7-4 

50 

1 350 

90 

! 81*1 

20 

12-4 

60 

1 45*0 

100 

94-1 

30 

18*4 

70 

j 56*7 


1 


The following specific gravities and strengths of solutions at 19-5" are 
given by Kremers aqd Gerlach : — 


Per cent. 

bp. gr. 

Per cent 

Sp. gr. 

Per cent. 

Sp gr. 

KgOroO^. 

K«Cra 07 . 

K2Cr«()7, 

1 

1-007 

6 

1*048 

11 

1*080 

2 

1*015 

7 

1*050 

12 

1*087 

3 

1*C‘22 

8 

1-056 

13 

1*095 

4 1 

» 1 *030 

9 

1*065 


• 1-102 . 

5 

1*037 

• 

10 

1*073 

• 15 

•1*110 


The commercial product is guaranteed to cpntain from 67-5 to 68-o 
per cent, of chromic anhydride ; this is determined volu metrically and 
the sulphuric acid gravimetrically (%ee potassium cH^om^te, p. 376). 

Sodium Dichromate, NajjCr.207 (containing 76-3 per c8nt. CrOg). 
The [Jure salt comes on the Kiartcct.arf red triclinic pri^^ which 
crystallise with fwo molecules* of water p they are very hygroscopic, 
liquefy easily, melt at just #ver ioj)°, a(hd lose tbeir water of crystallisa- 
tfon at ti^is temperature.* It ^s* sold m large quantities, however,*n a 
dehydrttted conSi^on as a friable rfnasg or, in cake» containing sodium* 
sulphate and insoluble carbonaceous 'matter, etc., as irnpuwtids; the 
content of chromic anhydride should amgunt to from 73 to 74 per cent. 
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precipitate with the manganic hydroxide, but fusion of the precipitate 
with •sodium carbonate and nitrate on platinum foil produces the 
characteristic bluish-green manganate melt. Manganese frequently 
occurs ia ferrous sulphate. In order to detect aluminium (the 
iptesetvce of which, for many uses of ferrous sulphate, is specially^ 
detrimental) the precipitate of basic ferric acetate, is boOed in a 
platinum dish with pure sodium hydroxide solution (pre4)ared from 
metallic sodium) ; the precipitate is filtered off and the filttate 
w/tJi Acet/c acid and VK>iVe4^ 


find 


extensiire 


5alts are readily d 

chromium hydroxide; they have ^ ^ ^ , 

mordants in the dyeing industry and m , 

on the market as a dark green powder, stable in air; 
water in wooden or copper vessels. 

Chromium acetate, chloride, and sulphate also 
application as mordants in dyeing. 

Chrome Mum, K., so, Cr,(SOi)s+24HP (containing 15-2 per cent. 
CroO,, 9-4 per cent. Kp, 321 per cent. SO3, and 43-3 per cent HgO) 
This salt forms large octahedra, which appear black by reflected, and 
dark violet by transmitted, light. One hundred parts of water dissolve 
about 20 parts, producing a bluish-violet coloured solution ; on boiling 
the solution turns green, and on evaporation, crystals are formed only 
after the concentrated cold solution has stood for some time. Chrome 
alum is produced in large quantities as a by-product when a mixture 
of potassium dichromate and sulphuric * acid is used for oxidising 
purposes, e.g., in the manufacture of anthraquinone. 

The content of chromic oxide is determined by oxidation to chroipic 
anhydride, which is titrated. The solution is made alkaline Witj |3 
potassiu^ or sodium hydroxide, small quantities of seditBifn peroxide 
added from time to time^thc excess of peroxide removed by warning 
and passing carbon dioxide, the cooled .solution then strgngly aci4^fif^ 
with sulphuric acid, and Ae chromic injiydride estimated voliimctrica 8 | 
as described on p, 376. The presence of potassiiyn sulphate as impu*^ 
is ascertained by the usual determination of sulphuric acid, and by tW 
estimation of the loss ^ater) on moderate ignitionf 


mON SAET§ 

Ferrous Sulphate, FeSO^H-^H^O /Gretn Vitriolji — The pure s^t 
forms light l^luish-green monoclinic prisms, Which qyi^kly efBorescc in 
dry air and^becoifle opaque; fn lAoist air the crystals oxidise and 

^ Sta^ltyT JVewSf^i$i 6 , 54, 194. <The tempel^ayirfc at which the spedfic gravity has 
hecn determined is not given.) 
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pfeparation (see " Ferric Sulphate ” p. 380) ;.in dyeing, it is used in such 
cases as require a neutral ferric salt. « 

Ferric Nitrate solution, of a dark reddish-brown colour, is likewise 
used commercially as an “ iron mordant ” in dyeing. The strength of 
jiure solutions may be determined by their specific gravity. Franz 
gives thtf following data (temperature i7-5°): — 






The content of ferrous iron is determined by 
solution, acidified with sulphuric acid, with potassium peitoangtmN 
;</: Voi. I., p 59). 

Intentional adulteration of the salt is not met with- Ferric aaJfAlt^ 
a recognised by addition of potassium thiocyanate to the dilute hydro 
ihloric acid solution. The commercial salt is apt to corltain a sflfhl 
idmixture of sulphates of cppper, zinc, nickel, and manganese. These 
netals are detected as follows : two or more grams of the salt is 
lissolved in dilute hydrochloric acid, and the solution treated with 
lydrogen sulphide. Any precipitate formed is filtered off, washed, 
md dissolvq(i in nitric acid ; addition of excess of ammonia produces 

present The filtratd is boilecFao expel 

acidr neutralised with sodium 
The precipitated hal^ 
two portimiA 
Urhlte 
must he 
boiling 
by tht 

by the white sulphide 
precipitate produced by senium sulphide in the filtrate from th^ nickel 
irecipitate. T^pe second portion of the filtrate from the iron*pre- 
iipitate is heatedjwith lodium hJdroj^rfetsjlution «nd bromine waters 
i brown precipitate prewem manganese to be present^* Anf nickel 
lontained in the ferrous sulphate would be thro'Rry down as a black 


8t8 


'METALLIC 


Pure aqueous solutions kave the following specific gravities : ^ — 


^ Per cent. 

• NaaCraOY. 

Sp. gr. 

Per cent. 

Na2Cr207. 

Sp. gr. 

1 

1-007 

80 

1*208 

5 

1*035 

85 

1-245 

10 

1*071 

40 

l-28fl 

16 

1*105 

45 

1-313 < 

20 

1*141 

50 

1-843 

25 

1*171 




Chromium Fluoride, CrF3+4H20. The fluoride and its double 
salts are readily dissociated in aqueous solution with separation of 
chromium hydroxide ; they have now been used for some year^ as 
mordants in the dyeing industry and in printing. The fluoride cohnes 
on the market as a dark green powder, stable in air ; it is dissolvea in 
water in wooden or copper vessels. 

Chromium acetate, chloride, and sulphate also find extensive 
application as mordants in dyeing. 

Chrome Alum, K2S04Cr2(S04)3+24H20 (containing 15-2 per cent. 
CrgOg, 9*4 per cent. K2O, 32-1 per cent. SO3, and 43-3 per cent. HgO). 
This salt forms large octahedra, which appear black by reflected, and 
dark violet by transmitted, light. One hundred parts of water dissolve 
about 20 parts, producing a bluish-violet coloured solution ; on boiling, 
the solution turns green, and on evaporation, crystals are formed only 
after the concentrated cold solution has stood for some time. Chrome 
alum is produced in large quantities as a by-product when a mixture 
of potassium dichromate and sulphuric * acid is used for oxidising 
purposes, e.g.^ in the manufacture of anthraquinone. 

The content of chromic oxide is determined by oxidation to chromic 
anhydride, which is titrated. The solution is made alkaline with 
potassiu^ or sodium hydroxide, small quantities of sodilSm peroxide 
added from time to time^the excess of peroxide removed by warming 
and passing carbon dioxide, the cooled solution then strongly acidified 
with sulphuric acid, and the chromic Sn^ydride estimated volumetrically 
as described on p. 376. The presence of potassium sulphate as impurity 
is ascertained by the usual determination of sulphuric acid, and by the 
estimationi of tJie loss (Vater) on moderate ignition.' 

IHON SAIiT§ 

Ferrous Sulphate, FeSO^H-^HgO j(Gre€n Vitriol).— The pure ssjt 
forms light ^uish-green monoclinic {jrisms, Which qyi^kly effloresce in 
tlry air and^ becoifie opaque f |n lAoist air the crystals oxidise and 

^ StacltyT Che^i. JVewSj 1 88*6, 54, 194, <The tcmpcfayiri at which the specific gravity has 
been determined is not given.) e 



IRON SALTS 


379 


gradually become converted into yellowish-brown basic ferric sulphate. 
It is largely used for the manufacture of ink, iron mordants, and 
Prussian blue. e 

Ferrous sulphate is insoluble in alcohol, ether, and concentrated 
^sulphuric acid; the latter separates FeS 04 .H 20 from concentrated 
aqueous* solutions. One part of the crystallised salt is dissolved by 
one and a half parts ^f cold water and one-third part of water at lOO®. 
According to determinations by Gerlach, the specific gravity of pure 
aqueous solutions of the heptahydrate at 15 ® is as follows : — 


Per cent. 

Sp. gr. 

Per cent. 

Kp. gr. 

F 0 SO 4 + 7 H 0 O. 

PeS04+7H20. 

• 




1 

1-005 

15 

1-082 

2 

1-011 

2 (T 

1-112 

3 

1-016 

25 

1-143 

* 4 

1-021 

80 

1*174 

5 

1*027 

35 

1*206 

10 

1*054 

40 

1*289 


The content of ferrous iron is determined by titrating a dilute 
solution, acidified with sulphuric acid, with potassium permanganate 
{cf. Vol. I., p. 59). 

Intentional adulteration of the salt is not met with. Ferric sulphate 
is recognised by addition of potassium thiocyanate to the dilute hydro- 
chloric acid solution. The commercial salt is apt to contain a small 
.admixture of sulphates of copper, zinc, nickel, and manganese. These 
metals are detected as follows : two or more grams of the salt is 
dissolved in dilute hydrochloric acid, and the solution treated with 
hydrogen sulphide. Any precipitate formed is filtered off, washed, 
and dissolv^ in nitric acid ; addition of excess of ammonia produces 
a blue colour *if copper is present. The filtrate is boiled^ J:o expel 
hydrogen sulphide* oxidised with nitric acid^ neutralised with sodium 
carbonate, asd boiled with sodium acetate. The precipitated basic 
ferric acetate is filtered off and the filtrate .divided in two portions. 
The first is saturated mth hydrogen sulphide, which precipitates white 
zinc sulphide; if tj^e precipitate '"is discoloured oyr d^k, it must be 
tested for nickel and zinc by solution in a little aqua regia Snd boiling - 
with sodium hydroxide and brdmifte v^ater : nickel is deteejejj by the 
precipitation of black nickelic hydroxide, «n6 zinc^by the white sulphide 
precipitate produced by sewiium^ sylphlde in the filtrate from th^ nickel 
precipitate. Tlje^ second portion of the filtrate from the iron'^pre- 
cipitate is heated*with Sodium hj^roxide^sqlution ^nd bromine water< 
a brown precipitate proves^i manganese to be present.* Any nickel 
contained in the ferrous sulphate would be thrown down as a black 



3^ ■ METALLIC SiWs 

precipitate with the manganic hydroxide, but fusion of the precipitate 
with '^sodium carbonate and nitrate on platinum foil produces the 
characteristic bluish-green manganate melt. Manganese frequently 
occurs in ferrous sulphate. In order to detect aluminium (the 
presence of which, for many uses of ferrous sulphate, is specially 
detrimental) the precipitate of basic ferric acetate is boiled in a 
platinum dish with pure sodium hydroxide solution (prepared from 
metallic sodium) ; the precipitate is filtered off and the filtrate 
neutralised with acetic acid and boiled, whereby any aluminium 
present is precipitated. < 

Ferric Sulphate, Fe 2 (S 04 ) 3 +aq. This salt is prepared by the 
oxidation of a concentrated hot sulphuric acid solution of ferrous 
sulphate by nitric acid. It usually comes into commerce dissolved as 
a brown liquid of sp. gr. 1-45 to 1 * 53 , which is used in dyeing it is 
also less frequently met with in the solid state as a whitish salt. \ 

For the estimation of the approximate strength of solutions (at is"") 
which generally contain free sulphuric acid and some nitric acid as 
impurities, Wolff has prepared the following table : — 


Per ceut. j 

^60(604)^. j 

Sp. gr. 

Per coTjt. 
Fe 2 (S 04 >j. 

Sp. gr. 

! 

6 i 

1*0426 

85 

i 

; 1-3782 

10 

1-0854 

40 

: 1 -4506 

15 

1*1324 

45 

1*5298 

20 1 

1-1825 

50 

1-6148 

25 1 

1*2426 

55 

1-7050 

80 1 

1-3090 

60 

1 *8006 


For the accurate estimation of the iron content, a weighed quantity 
(about I g.) of the solution is diluted with water and sulphuric acid, 
the fenaC* salt reduced with zinc, and the cooled solution titrated with 
permanganate. In another small quantity of the solution the sulphuric 
acid ig estimated gravimetrically by Lunge’s method (r/ Vol. I., p. 367 ). 

The presence of nitric acid in thecsalt is detected by heating with 
indigo solution in sulphuric acid, which become'^ discoloured. Ferrous 
sulphate is ^r^cogjiise^ by the blue coloration given with a solution 
of potassflim ferricyanide, freshly prepgired from previously washed 
crystal^ ^nd estimated b/ cliredt titration of the diluted, acidified 
solution with permagganatej® Other metals are tested for as described 
undei; ferrous sulphate 379)1 \ 

Iron Alum, (NHJgSO^. Fe 2 (S 0 j 34 - 24 K 20 (Ferric agimonium 
^sulphate). In the^ pure ^tate,»iroi* alum forms .^imethyst-coloured 
octahedra, wliich dissolve in 3 to 4 parts ,.of cold water. The salt may 
contain small quapfities of feirous sulphate and of nitric acid from its 
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preparation (see Ferric Sulphate,” p. 380) ; ‘in dyeing, It is used in such 
cases as require a neutral ferric salt. • 

Ferric Nitrate solution, of a dark reddish-brown colour, is likewise 
used commercially as an “iron mordant” in dyeing. The strength of 
jpure solutions may be determined by their specific gravity. Franz 
gives therfollowing data (temperature 17*5°) : — 


For cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Fe(N 03 );}. 

Fo(N03):,. 

5 

1*0398 

35 

1-3164 

10 

1*0770 

45 

1-4338 

15 

1*1182 

65 

1-6722 

25^ 

1*2110 

65 

1-7532 


The liquor generally contains considerable quantities of ferric 
sulphate. The iron and sulphuric acid are determined by the methods 
given for ferric sulphate (p. 380). For the estimation of the nitric 
acid, a weighed small quantity of the mordant is largely diluted with 
water, boiled with excess of sodium hydroxide, the filtrate from the 
ferric hydroxide precipitate evaporated, and the nitric acid in this 
solution converted into ammonia and estimated by Ulsch’s or other 
suitable method (cf, Vol. I., p. 476). 

Ferrous Acetatej prepared by dissolving iron turnings in crude 
acetic acid, comes into commerce as a greenish-black solution, which 
jsmells strongly of wood-tar, and contains the greater part of the iron 
as ferrous salt. Usually, only the specific gravity of this black mordant 
is taken; it should be approximately i-i2 to 1-14. 

Ferric Chloride, FcClg+aq., is sold as a yellow solid mass, approxi- 
mating to tl^ forniula FeClj+dHgO, or as a dark brown solution. It 
is prepared by solution of wrought iron in dilutfe liydrochToric actd, 
evaporation of the solution to a sp, gr. of 1-3, and oxidation with nitric 
acid. By further evaporation of tjie concentrated solution and c€)oling, 
the yellow solid ferric chloride is obtained, » 

The pure salt must*dissolve in water to a clear solution ; potassium 
ferricyanide should pot give a blue coloration (ferrous chloride). The 
filtrate from the precipitation jof the hot solution with ammoTiia should,, 
not be coloured blue (copper^,** anti should give no precipitate with 
ammonium sulpliide (copper, zinc, mar^anese)^ Free hydrochloric 
e^cid is recognised by the^hite fcim^s ^of ammonium chloride formed 
when a g^lass ro^ pioistefled with ammonia is held close to the suTface 
of the gently warmed concentrate soJuTidn^ while* the blue coloration 
of zinc iodide-starch pape» suspended oyer the warmed solutiofi indicates 
free chlorine or nitrous acicf. The ferric iron conteAl^ is best determined 
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by titration with stannous* chloride solution {cf* p. 24)- Ferrous salt. 
If present, is estimated by addition of dilute sulphuric acid, phos- 
phoric acidjr and manganous sulphate, and titration with perman- 
ganate. 

The strength of solutions of ferric chloride may be ascertained 
from the following table, prepared by Franz, giving the sp. gr, 
at 17*5'': — ' « 


Per cent. 
FeClg. 

Sp. gr. 

For cent. 
FeOla. 

Sp. gr. 

Per cent. 
KeClg. 

^ Sp* gr. 

2 

1*015 

22 

1*175 

42 

iW 

4 

1*029 

24 

1*195 

44 


6 

1*044 

26 

1*216 

46 

1*487 

8 

1*058 

28 

1*237 

4'3 

1*462 

10 

1 1 *073 

30 

1*257 

50 

* 1*487 

12 

1 1 *086 

32 

1*278 

52 

1*515 

14 

i 1*105 

34 

1*299 

54 

1*644 

16 

! 1*122 

36 ! 

1*320 

56 

1*573 

18 

1 1*138 

38 

1*341 

58 

1*602 

20 

i 1*154 

40 

' 1*362 

60 

1*632 


For the examination of P otassiuin h eiTocyanidc (yellow prussiate 
of potash), cf, Vol. L, p. 630 ; Potassium Fcrricyanidc (red prussiate of 
potash), cf. Vol. L, p. 639 ; Sodium Fcrrocyanide, cf Vol I., p. 630. 


MANGANh:SE SALTS 

Potassium Permanganate, KMn04. The pure salt crystallises 
in dark red rhombic needles, with a greenish metallic lustre; it 
dissolves in 15 parts of cold and in 2 parts 6f hot water. A 
pioduct, ffpecially prepared for disinfection purposes comes into 
commerce as a green ^r dark red crumbly mdss which contains 
potassium or sodium manganate and permanganate, oxides of 
manganese, free alkali, potassium * and sodium nitrate, potassium 
chlorate, and potassium chloride. 

The solution, acjtdified with sulpHuric acid, is completely decolorised 
on warmftig* with a fittle oxalic acid, jand also* on addition of an 
aqheous s^olution of sulphuf ^^oxlde.* with excess of ammonia and 
some ammonium sulphide,# the colourless solutioh gives a flesh- 
coloured precipitate of* manganese ^sulphiob. When potassium per- 
marl|^anate is warmed with dilute sulpfniVic acid, any* chlorinp present 
(as chloride ind chlerate) will be^evokifed, and is mos^ easily reedgnised 
by metos^f {)otassiumriodide-st 5 rch papey. , 

Thd *pure* salt^ should be^ tested for lulphate. The solution is 
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boiled with a large quantity of pure hydiK)chloric acid; the acid is 
nearly neutralised with ammonia, and the hot solution precipitated 
with barium chloride. For the estimation of chlorides the solution is 
decolorised by warming with alcohol and nitric acid, and precipitated 
^with silver nitrate. The amount of permanganate contained in the 
purer products is determined volumetrically with standard acid ferrous 
sulphate, ac^ed to th^ very dilute solution. 

Sodium Permanganate, NaMnO^. This salt is very soluble in 
water, has no tendency to crystallise, and comes on the market as 
a solid e«umbly mass and in concentrated solutions. Both products 
are very impure ((/] above, “ Potassium Permanganate.'’) 

Manganous Sulphate, Chloride, and Acetate find limited appli- 
cation in dyeing for the preparation of manganese bistre. The salts 
used for this purpose must be free from y'on, which is readily verified 
by warming the solution with a little nitric acid and adding potassium 
thiocyanate j^lution. A small amount of calcium, which is always 
present, is innocuous. 


ZINC SALTS 

Zinc Sulphate, ZnS04 + 7H20* l^he pure state this salt forms 
colourless, rhombic crystals having a vitreous lustre, which rapidly 
effloresce in dry air, asiid dissolve in their water of crystallisation when 
quickly heated. It crystallises from solution at 30"" with 6 molecules 
of water. When the salt is heated to a little over 100'", it loses 
6 molecules of water, whilst the last molecule is driven off only by 
gentle ignition. On strong ignition, it is decomposed into zinc oxide, 
sulphur dioxide, atjd oxygen. 

The crude salt* comes on the market in cakes, or in the form of 
cones prepared by fusion of the crystals. The most frequent^ippurity 
is manganous sul]3hate ; less frequently, ^nall quantities of the 
sulphates of qppper, cadmium, iron, calcium, and magnesium r^ay be 
present Manganese and ironware separated by addition of excess 
of ammonia tp the aflueous solution of the salt; on standing with 
access of air, both are precipitated as hydroxide^.^ Manganese may 
also be detected by the appearance of a purple tint when tte solution ^ 
is heafed with nitric acid and kad® pejo^eide. Copper and^cadmiifth 
are precipitated by hydrogen* sulphide #from the aqueous solution 
slightly acidified with sulphuric ^icick • The negligible impurities of 
calcium ^nd magnesium«sulpftiates do not interfere in any way %ith 
the tecHnical use^sjof the salt (chhiPy ip •tljG^manufticture bf lithopone„ 
also in dyeing). * * * 
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One hundred parts of water dissolve at : — 


-c. 

^ Parts. 

“C. 

Parts. 

ZnS 04 

dissolved. 

ZnS04+7H2O 

dissolved. 

ZDSO 4 

dissolved. 

ZnS04-f7H20 

dissolved. 

0 

43 02 

116*22 

60 

7 ; -20 

313*48 

10 

48*36 

138*21 

70 

79-25 

869*36 

20 

63*13 

161*49 

80 

84*60 

442*62 

80 

58*40 

190*90 

90 

89*78 

633*02 

40 

60 

63*62 

68*76 

224*05 

268*84 

100 

95*03 

f'^3*69 


The specific gravity of solutions at 15 ° is as follows 


Per cent. 

8p. gr. 

Per cent. 

Sp. gr. 

ZnS04+7H.j0. 

ZnS04+7H2(). 

6 

1 *029 

35 

1*231 

10 

1*059 

40 

1*271 

15 

1*091 

45 

1*310 

20 

1*124 

50 

1 *852 

26 

1*167 

55 

1*399 

30 

1*193 

60 

1*445 


Zinc Chloride, ZnCl 2 . The anhydrous chloride is a transparent 
white mass of sp. gr. 2*75 (butter of zinc), which is very hygroscopic, 
very soluble in water and in alcohol, melts at loo"', and distils at a 
red heat. It withdraws the elements of water from organic substances 
and carbonises wood ; its concentrated aqueous solution converts 
paper into parchment paper and acts as a powerful caustic. It comes 
into commerce in sticks, which are generally tested only for their 
sqlubility^ in water^ (freedom from oxychloride). The ’concentrated 
aqueous solutions of zinc chloride, which are also cemmercial products, 
are tested for free acid (<3ecolorisation of ultramarine paper), sulphate, 
and specific gravity. * 

According to Kramer, the specific gravity of aqueous solutions at 
19 * 5 ° is as follows e ' 


• t. 

Per cent. 
ZnCLj. 

gr, ' 

• 

ft 

^er cent. 

sp. gr. 

i 

• 

• 

• • 

c 

6 

10 

a 

20 4. 

. 25 

30 

« l*04{i ♦ 

1 *091 • 

1*137 
l*J8i ^ 

1 «1*238 c 

l;291 , 

, 35 e 

. 40 

45 

.• 60 ^ 
65 

ft 

3-352 

1-420 

1-4^ 

l-t 66 

1-1S50 

1-740 

• 

a 

ft 




ft « 

* ft • 

t 

• 
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Zinc Acetate, Zn(C2Hg02)2+2H20, ii? very readily soluble in 
water, and is used as a mordant in dyeing. It is tested for impurities 
in the same way as zinc sulphate. 


. NICKEL SALTS 

a ’• 

Nickel Sulphate, NiS04 + 7H20, crystallises in green rhombic 
• prisms which become anhydrous above 280°. One hundred parts of 
water di^igolve, according to Mulder : — 


x. 

Parts 

“C. 

Parts 

"0. 

Parts 

NiSO.,. 

NiSO^. 

NiSOj. 

0 • 

_ # - - 

29*3 

40 

49 

80 

71 '7 

10 

31-0 

50 

54*5 

90 

77-6 

20 

39*0 

60 

60*2 

100 

83-7 

30 

• 44-0 

70 

65*9 

108*4 

887 


One hundred parts of saturated solution contain (Steele and 
Johnson) : — 


c. 


0 

15 

30 

447 


Parts 

N18O4. 


'C. 


Parts 

NiS 04 


21-4 

25*5 


29-8 

#2*4 


50 

60 

80 

99 


33*4 

35*4 

387 

43*4 


The salt is used in the preparation of the contact mass for the 
catalytic hydrogenation of oils, and in nickel-plating. 

Analysis, Fifty* g. is dissolved in distillecj water and the solution 
filtered into graduated 1000 c.c. flask. The insoluble residue is 
ignited and weighed ; the filtrate* is made ujp to bulk and used for 
the determination of tl^e following impurities : — 

{pi) Iron, Two hundred cx. is boiled with a little nitric acid 
and treated with a*mmonia in excess. The precipitate' collected 
and dfssolved in hydrochloric a^id^ th^ solution reprecipitated wrtlT 
ammonia, and the* precipitatp filtered off, flashed, ignited, an^ ?i^eighed 
as FejOj. 

{d) Manganese. The^comtihcd filtrates from the iron precipitastion 
are digested hott Jir some time, f\^th broipine watey. The precipitate^ 
is collected on a filter and .well wa.sfied till ftee from -chipride. It 
is dissolved in sulphuric add and a lftt[e* hydrogen perOxidef. * After 
n. 
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the excess of the latter has been destroyed by boiling, the solution 
is bc/iled with silver nitrate and ammonium persulphate; the per^ 
manganic s^cid thus formed is titrated with sodium arsenite or 
estimated colori metrically. 

(c) Copper. Two hundred c.c. is acidified with 30 c.c. of hydro- 
chloric acid and saturated with hydrogen sulphide. The precipitate 
is filtered off, well washed with acidulated hydrogen sulphide water, 
and dissolved in nitric acid ; the copper in the solution is estimated 
colorimetrically. 

(d) Cobalt. Two hundred c.c. is treated with 10 c.c. pf strong 
hydrochloric acid, heated to boiling, and precipitated by ^addition 
of 50 c.c. of a solution containing 8 g. of nitroso-j^-naphthol ill 300 c.c. 
of glacial acetic acid and 300 c.c. of water. The precipitate is qpllected 
next day, washed with 12 per cent, solution of li)'drochloric acid, 
then with water, ignited with 2 g. of oxalic acid, and weigl^ed as 
C03O4, or it may be reduced to metal in a current of hydrogen. 
If copper or iron is present the ignited oxide is dissolved in hydro- 
chloric acid and the copper removed with hydrogen sulphide. The 
filtrate is oxidised with nitric acid and the iron eliminated by double 
or treble precipitation with ammonia. The cobalt in the combined 
filtrates is precipitated with yellow ammonium sulphide; the precipitate 
is filtered off and ignited, converted into sulphate by gentle heating 
with a drop of strong sulphuric acid, and weighed as C0SO4. 

Nickel is estimated, if desired, in 10 c.c, of filtrate by titration 
with cyanide (see p. 68). 

Nickel Ammonium Sulphate, NiS04- (NH4).S04+6H20. This 
compound, also known as “double salt"' (nickel sulphate being the 
“single salt”), is used, on account of its greater purity, in nickel- 
plating. It crystallises in green, short monoclinic prisms. One 
hundred parts of water dissolve the following quantities (Link) : — 



Parts 

‘C. 

< 

Parts 


NiS04.(NH4XjS04. 

NivS04.(NH4)oS04. 

3-5 

• 

1-8 

t 

40 

, 11-5 

16 . 

5-8 

, 50 

14-4 ‘ 

. 2 P • : 

, 5*9 

68 1 

18*8 

t 30 

8-3 

85 1 

‘ 28-6 


i 1 . 




The salt is almost jnsolutjla in a stropg solution of ammonium 
sulphate acidified with sulphuric icid! * • ^ 

, The analj^sis is parried out as described above forjnickel sulphate. 
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COPPER SALT'S 

Copper Sulphate, CuSO^+SHgO {Blue Vitriol), Th^ salt comes 
on the market as large, bright blue, transparent triclinic crystals, 
^which effloresce superficially in dry air. As impurities it most 
frequent^' contains ferrous sulphate, less frequently considerable 
quantities <jf zinc aqd nickel sulphates ; it invariably contains traces 
of bismuth, arsenic, and antimony. Usually only iron is tested for 
by saturating an aqueous solution with ammonia, filtering through 
a white ^laper, washing first with ammonia and then with water ; on 
drying small traces of iron hydroxide are easily visible. Sulphuric acid 
and combined water are estimated in separate portions by the usual 
methods ; a third portion is dissolved in dilute hydrochloric acid, and 
the copper precipftated with hydrogen sulphide ; the filtrate is oxidised 
with potassium chlorate, and the iron precipitated as basic acetate. 
In the filtrate from the iron, zinc and nickel are precipitated by 
boiling with sodium carbonate. For an accurate analysis, Hampers 
method for the Analysis of Commercial Copper (pp. 199 ct seq^ is 
recommended. The copper content is most conveniently estimated 
by electrolysis. If the copper is separated electrolytically from 3 to 
S g. of the salt, the presence of appreciable quantities of arsenic 
and antimony can be recognised {cf. p. 194). 

On being heated to about 200', copper sulphate loses all its water 
of crystallisation and .yields a white, very hygroscopic powder, insoluble 
in alcohol. According to Poggiale, 100 parts of water dissolve : — 


10° 

20° 

40 ? 

80“ 

too ” 

36-9 

42-3 

56-9 

1 1 8-0 

203*3 parts CUSO4-I-5II2O. 

20*9 

23-5 

30-3 

53-1 

75-3 .. CUSO4. 


The specific gravity of solutions at 15" is as follows 


Per rout. 

• 

«p. gr. 

- -- 

1*007 

For cent. 

Sp. gr. • 

I’er cent. 

CUSO 4 +GH 2 O. 

GuSOj-fGUjiU. 

CuSUi+GlloO. 

1 

• 

10 • 

1-069 • 

19 

2 

1-013 ^ 

11 

1 *076 

20 

3 

’ 1-020 

1 

1 -084 


4 

5 

1*027 

1-033* 

13 

1 1 

1*091 

1 ‘096 

• . 

23 


1 *040 

If)* 

. 1*114 

24 

7 

1-048 

16 •. 

• i-i‘A 

25 

8 

vm 

17 • 

1 - 1 ^ 

. 1*1?7 


9 

1*062 

l 8 

• 



• .L 

*. 

» 




1-144 

l*]r>2 

1-160 

1-169 

1-177 

1-186 

1-193 


Cufftic Chlori{ie, CifCl2+2H2Q. "l^his.salt is g»nerall)f only tested, 
for the presence of iron, (^escribed 'above foK copper Ailphafe, and 
the content of copper determined mtjj* by titration* of the hot 



388 


METALUC SALTS 


hydrochloric acid solution with stannous chloride or by means of the 
iodide’ method (pp. 182 etseq,). Salts of the alkalis (sodium chloride, etc.) 
present as impurities are detected by precipitation of the aqueous 
solution of the salt with hydrogen sulphide and evaporation of the 
filtrate from the copper sulphide. The pure hydrated salt forms, 
beautiful green rhombic prisms or needles. The anhydrous 'chloride, 
obtained when the hydrated salt is heated above 100°, forms a brown, 
very hygroscopic mass ; it is readily soluble both in water and alcohol. 

According to Franz, aqueous solutions at 17*5° have the following 
specific gravities : — 


Pflr cent. 
OuClo- 

Sp. gr. 

Per cent. 
CuCla. 

Sp. gr. 

Per cent. 
CuCJo. 

Spi gr. 

\ 

2 

1-018 

ne 

1-170 

30 

1-S62 

4 

1-036 

18 

1*195 

32 

l-3ft5 

6 

1-055 

20 

1 *222 

34 

1*429 

8 

1-073 

22 

I 1*250 

36 

1*462 

10 

1*092 

24 

1 1*278 

38 

1*495 

12 

1-118 

26 

1 1*306 

40 

1*528 

14 

1*144 

28 

j 1*834 




Copper Nitrate, Cu(NOjj)2+6HjjO. The hexahydrate, obtained at 
a low temperature, melts at about 30'', and forms light blue tabular 
crystals ; at a slightly higher temperature, dark blue prismatic crystals 
of the trihydrate are obtained, which melt at 115°. Both salts are 
readily soluble in water and in alcohol, and are very hygroscopic. 

The following substances occur as impurities : — nitrates of lead 
zinc, and sodium, and sulphates of copper and sodium. The commercial 
product, not intentionally adulterated, may contain up to 7 per cent, 
of impurities. 

Lead may be separated and estimated as sulphate by evaporation 
of the sd’iution with excess of sulphuric acid ; the copper is deposited 
electrolytically in the filtrate from the lead sulphate, and, in the 
soluticn freed from copper, the zinc is precipitated as, sulphide after 
neutralisation with ammonia. The filtrate from the zinc sulphide is 
evaporated, the ammonium salts driven off, and the calciv:m, magnesium, 
and alkali saltis de^ferrpined in the ignited residue.^ For the estimation 
j|f tbc' sulphuric acid, a separate portion is repeatedly evaporated with 
hydrocljlqric acid, and the diluted** hot hydrochloric acid solution 
precipitated with bapum chforide. • * 

Copper Acetate, Verdigris). Tfie 

darlc bluish-green crystals which come' on the market arei generally 
•very ^ure and contain oply ttv extremely small quantity of' iron as 
impunt^^ iriie salt is tested ior purity in the same way as copper 
sulphate. 
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LEAD SALTS 

Lead Acetate, Pb(C2H302)2+3H20 {Sugar of Lead), The pure 
salt crystallises in colourless plates or columns which effloresce in dry 
^air, gradually losing water and some acetic acid and taking up carbon 
dioxide.* The freshly prepared salt dissolves completely in water to a 
clear solution ; the sglution of the effloresced salt is milky owing to the 
presence of lead carbonate, which dissolves on addition of a few drops 
of acetic acid. At 75° the salt melts, at 100° it becomes anhydrous and 
solid, ani again melts at 280°. One part of the salt dissolves in one 
and a half parts of water at 15°, in one part at 40*", and in one-half 
part at lOo"". Alcohol dissolves about onc-eighth of its weight ; it 
is insoluble in ether. If the solution is precipitated with hydrogen 
sulphide„the filtrate from the lead sulphide should leave no residue on 
evaporation (iron). Copper is tested for by precipitation of a concen- 
trated aqueoi^ solution of the salt with sulphuric acid and addition of 
excess of ammonia to the evaporated filtrate from the lead sulphate. 

Brown sugar of lead, prepared from crude pyroligneous acid and 
litharge, comes on the market in a fused condition as irregular lumps. 
The content of lead is estimated by precipitation of the solution with 
sulphuric acid. 

Salomon estimates the content of acetic acid in lead acetate by 
making the solution strongly alkaline with standard potassium hydroxide 
solution in presence of phenolphthalein, and titrating back the excess 
with a standard solution of acetic acid of equivalent .strength till the red 
colour disappears. The difference gives the acetic acid in combination 
with the lead. Lead vinegar is first acidified with standard acetic acid, 
excess of potassium hydroxide solution then added, and the excess 
titrated back with acetic acid. 

Fresenius mixes an aqueous solution of 5 g. of lead acetate in a 
250 C.C. flask with a measured small excess of starttiard sulptfuric acfd, 
fills up to the mark* adds an amount of wateij equal to the volume of 
the precipitatgd lead sulphate (sj). gr. 6-3), shakes, and filters tiirough 
a dry filter paper. The sulphuric acid in 50 c.c. of the filtrate is pr« 
cipitated with barium%chloride, the barium sulphate weighed, and the 
content of lead in the acetate calciflated from the ^ulpljuric acid used 
for the precipitation of the lea^. Further portions of 50 c.c. Ae titrat^ 
with normal alkali, the sulphurtc Scid^dfiducted, and the jojitentfof 
acetic acid in the fead acetate thereby ascArtained^ 

Lead Nitrate, Pb(N03)^. Th^salf (jomes i#ito commerce as colour- 
less or v^Jiite regular crystals (^octahedra and cubo-octahedra), ^ich 
seldom* contain *^y aiJpreciable*fluaiitH)4 jf imparities.* It is fairly 
soluble in water; a solution ^saturated at 20° (ep, gr. 1*41 contains 
37 per cent, of lead nitrate. * Dilute nitric; ^cid and *90 per cenf. alcohol 
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hydrochloric acid solution with stannous chloride or by means of the 
iodidd method (pp. 182 etseq.). Salts of the alkalis (sodium chloride, etc.) 
present as impurities are detected by precipitation of the aqueous 
solution of the salt with hydrogen sulphide and evaporation of the 
filtrate from the copper sulphide. The pure hydrated salt forms^ 
beautiful green rhombic prisms or needles. The anhydrous 'chloride, 
obtained when the hydrated salt is heated above^ 100°, forms a brown, 
very hygroscopic mass ; it is readily soluble both in water and alcohol. 

According to Franz, aqueous solutions at 17-5*' have the following ’ 
specific gravities : — 


Per cent. 
CuClo. 

Sp. gr. 

Per (^ent. 
CuClo. 

Sp. gr. 

Per cent. 
CuClij. 

gr. 

2 

1-018 

"16 

M70 

30 

1-^2 

4 

l-0:36 

18 

1-195 

32 

im 

6 

1-055 

20 1 

I 1 -222 

34 

1-429 

8 

1-073 

22 1 

‘ 1-250 

36 

1-462 

10 

1-092 

24 

1 1 -278 

38 

1-495 

12 

1-118 

26 

i 1-306 

40 

1-528 

14 

1-144 

28 

j 1-334 




Copper Nitrate, Cu(N03)2+6Il20. The hexahydrate, obtained at 
a low temperature, melts at about 30^, and forms light blue tabular 
crystals ; at a slightly higher temperature, dark blue prismatic crystals 
of the trihydrate are obtained, which melt at *115^ Both salts are 
readily soluble in water and in alcohol, and are very hygroscopic. 

The following substances occur as impurities : — nitrates of lead, 
zinc, and sodium, and sulphates of copper and sodium. The commercial 
product, not intentionally adulterated, may contain up to 7 per cent, 
of impurities. 

Lead may be separated and estimated as sulphate by evaporation 
oY the solution with excess of sulphuric acid ; the copper is deposited 
electrolytically in the filtrate from the lead sulphate, and, in the 
solutitn freed from copper, the zinp is precipitated asr sulphide after 
‘ sieutralisation with ammonia. The filtrate from the zinc sulphide is 
evaporated, the ammonium salts driven off, and t?he calciv.m, magnesium, 
and alkali s^lt^ de^'errpined in the ignited residue.^ For the estimation 
f the' sulphuric acid, a separate portioa is repeatedly evaporated with 
hydrocjjlqric acid, and the dilufed-*’ jiot hydrochloric acid solution 
precipitated with bajium chloride. • * 

Copper Acetate, Verdigris). T^e 

darlc bluish-green crystals which come* on the market are^, generally 
very gure and cofitain oply ^0 exi^remely small quantity of* iron as 
impurity.* 'the salt te tested jor purity the same way as copper 
sulphate. 
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Lead Acetate, {Sugar of Lead), The pure 

salt crystallises in colourless plates or columns which effloresce in dry 
^air, gradually losing water and some acetic acid and taking up carbon 
dioxide.* The (reshly prepared salt dissolves completely in water to a 
clear solution ; the s^^lution of the effloresced salt is milky owing to the 
presence of lead carbonate, which dissolves on addition of a few drops 
of acetic acid. At 75° the salt melts, at 100° it becomes anhydrous and 
solid, an 4 again melts at 280^ One part of the salt dissolves in one 
and a half parts of water at 15°, in one part at 40"^, and in one-half 
part at lOo'". Alcohol dissolves about one-eighth of its weight; it 
is insoluble in ether. If the solution is precipitated with hydrogen 
sulphide„the filtrate from the lead sulphide should leave no residue on 
evaporation (iron). Copper is tested for by precipitation of a concen- 
trated aqueoi^ solution of the salt with sulphuric acid and addition of 
excess of ammonia to the evaporated filtrate from the lead sulphate. 

Brown sugar of lead, prepared from crude pyroligneous acid and 
litharge, comes on the market in a fused condition as irregular lumps. 
The content of lead is estimated by precipitation of the solution with 
sulphuric acid. 

Salomon estimates the content of acetic acid in lead acetate by 
making the solution strongly alkaline with standard potassium hydroxide 
solution in presence of phenolphthalcin, and titrating back the excess 
with a standard solution of acetic acid of equivalent strength till the red 
colour disappears. The difference gives the acetic acid in combination 
with the lead. Lead vinegar is first acidified with standard acetic acid, 
excess of potassium hydroxide solution then added, and the excess 
titrated back with acetic acid. 

Fresenius mixef^ an aqueous solution of 5 g. of lead acetate in a 
250 c.c. flask Vith a measured small excess of standard sulpthiric aefd, 
fills up to the mark* adds an amount of wates equal to the volume of 
the precipitated lead sulphate (sp, gr. 6*3), shakes, and filters tiirough 
a dry filter paper. The .sulphuric acid in 50 c.c. of the filtrate is prg^* 
cipitated with „barium^chloride, the barium sulphate weighed, and the 
content of lead in the acetate calciflated from the %ulpljuric acid used 
for the precipitation of the lea^. Further portions of 50 c.c. Ae titrate^ 
with normal alkali, the sulphurfc Scid^ deducted, and the joptentfm 
acetic acid in the tead acetate thereby ascirtained^ 

Lead Nitrate, P^NOg)^. Th^salf (jomes i«ito commerce as golour- 
less or A^ite regular crystals ^octahedra and cubo-octahedra), >^ich 
seldom* contain *^y afJpreciable^^juaiatH)* gf imparities.* It is fairlj* 
soluble in water; a solution ^saturated at 20° (ep. gr. 1*41 5^ contains 
37 per cent of lead nitrate. * Dilute nitri(i ^cid and *90 per cenf. ‘alcohol 
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dissolve it but very slightly^; it is insoluble in strong nitric acid and m 

absolute alcohol, , , . . • ^ .1 l 

For the examination of the salt, the lead is converted into sulphate 

by evaporation of the solution with excess of sulphuric acid; any 
residue obtained by evaporation of the filtrate from the lead sulphate*-, 
is examined for copper, iron, and calcium. 

Lead Sulphate, PbSO^. Crude lead sulphate, is obtained in large 
quantities as a by-product in the preparation of aluminium acetate and 
ferric acetate solutions for calico-printing, and is chiefly bought up by 
lead works. Smaller quantities are worked up into lead colours (white 
lead, chrome yellow, red lead). It comes on the market as a brown- 
coloured mass containing water; the colour arises from the lead-yinegar 
used for the decomposition of the alum or iron alum. The exani^ination 
is usually limited to the determination of lead. An average sample of 
several grams is dissolved in a hot concentrated solution of ammpnium 
acetate, the solution filtered, and pure lead sulphate precipitated from 
the filtrate by addition of excess of sulphuric acid. In lead works the 
product is assayed in the dry way, by fusion with potassium carbonate, 
argol, and iron {cf, “ Assay of Lcad,^* pp. 225 et scq.). 


TIN SALTS 

Stannous Chloride, SnCb+eR^O {Tm Salt). The commercial 
product consists of colourless or pale yellowish-white crystals possessing 
a fatty appearance, which are freed from the adhering mother-liquor 
centrifugally. It usually contains, in small quantities, only the impurities 
arising from the tin and hydrochloric acid used in its preparation ; it 
is seldom adulterated with magnesium or zinc sulphates. 

The salt only dissolves completely in a little water and in absolute 
alcohol when freshly prepared. If it is exposed to th^ air for any 
length of^* time, the oxychloride is formed, which is insoluble in water ; 
on being heated with hydrochloric acid and tin, this is again converted 
into sttinnous chloride. When an aqueous solution of th«v salt is largely 
iiluted, considerable separation of the oxychloride, Sn(OH)Cl, takes 
place ; solutions containing hydrochloric acid, ^I'mmonium chloride, or 
tartaric acid, remain rlear. The solid salt and .its solutions rapidly 
2Sorb oxygen from the air. 

'^The.content of stannous chloride* i^s estimated by iodine or ferric 
chloride titration {cf. f)p. 260 P/ seo.). For the determination of total tin, 
the hydrochloric acid s6lution ‘is /educed with pure zinc or aluminiuiri; 
the metallic ^sponge is dissolved in hydrochlofic acid^ in an atmosphere 
lof carbon dioxide, 2nd thetsoliitwn tftVated as beforei» 

Theptesqnce one2d,co]^per,zinc, andd]:on,as impurities, is detected 
by addition of excfjss of ammenia to a solution of the salt, and digestion' 
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on a steam-bath for some time with a considerable quantity of yellow 
amntonium sulphide, when the above metals remain undissol^ed as 
sulphides. Sulphates produce a precipitate of barium sulphate in a 
largely diluted hydrochloric acid solution. According to Merz, zinc 
%,'and magnesium sulphates remain undissolved as minute crystals, if 
several grams /)f the salt are stirred with five times their weight of 
absolute akohol; any tin oxychloride which may be present remains 
undissolved as a flocculent residue. 

The strength of aqueous solutions containing hydrochloric acid may 
be approximately estimated from their specific gravity. Gerlach has 
drawn up the following table for solutions at 15°: — 


Per cent. 

Hp. gr.. 

r»T cent. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

sp. gr. 

8UOI2-H2H.2O. 

SuClo+^Tl.p. 

SuClj+lilToO. 

vSnCI.2 ^ 2H.2O. 

2 

1*013 

22 

1*101 

42 

1*352 

62 

1-613 

4 

1*026 

24 

1*177 

44 

1*374 

64 

1*644 

6 

1*040 

26 

1*194 

46 

1*397 

66 

1*677 

8 

l*0f>4 

28 

1 *212 

48 

1 *421 

68 

1*711 

10 

0*068 

30 

1*230 

50 

1*445 

70 

1*745 

12 

1 1*083 

32 

1 1*249 

52 

1 1*471 

72 

1*783 

14 

I 1*097 

34 

' 1*268 

54 

1*497 

74 

I 1*821 

16 

1 1*113 

30 

1 1*288 

56 

1-625 

75 

1*840 

18 

i 1*128 

88 

1 1*309 

58 

1 *554 



20 

1 1*144 

! 

40 

! 1*330 

GO 

1-582 




Stannic Chloridfi, SnCl.^. The pure liquid compound finds its way 
but seldom into commerce ; it occurs much more frequently as a 
♦hydrated salt-like mass contgiining sodium chloride and as concentrated 
solutions. In the dyeing industry, solutions of tin in aqua regia are 
called tin nitrate, tin composition, tin solution, physic, scarlet composition, 
rosing salt, etc., and are usually contaminated with free nitric acid, 
ferric chloride, zinc chloride, salt, and stannous chloride, or contain, 
in the case of*the three latter products, intentioiTal additidhs of sifch 
salts. The chloricfe forms a pentahydrate, a«id this white salt is used 
for the same purposes as the othej preparations. # 

The presence of stannous cMoride is recognised by the separation 
mercurous chloride oit the addition of a solution of mercuric chloride ; 
copper, lead, zinc, and iron remain as insoluble^ sufphidfs^on treatment 
wi|h |mmonia and ammoniu/n sulphide {cf, under stannouS chloride 
Salts of the alkalis, together ?inc#aiTd iron salts, are d^tectecTby 
evaporation of the filtrate from the precipitation <jf the tin by hydrogen 
^Iphide. The presence df nitrioacjtl iis shown by the addition of a 
crystal ferroy.^ sulphate, when the liquid -surrounding ^the crystal is 
coloured red. 

The total content of tiij is determ^med by precipitation witU excess 
of pure zinc ; the precipitated tin is filter^*off, dissolved in hydrochloric 
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acid in a current of carbonr dioxide, and titrated with iodine or ferric J 
chloride. The stannous chloride is titrated in a separate sample by j 
means of iodine, stannic chloride being found by dtfference. 

If the solution of stannic chloride does not contain too much 
impurity, its strength may be estimated approximately from its specific , 
gravity. For this purpose the following table by Gerlach for a 
temperature of 15° may be employed: — r 


I’er cent. 
Si)Cl4.5H20. 

Sp. gr. 

Per cent. 
BnCU. 60.20. 

Sp. gr. 

5 

1-030 

45 

1-320 

10 

1-059 

60 

1-366 

15 

1-091 

55 

1-416 

20 

1-1 -24 

60 1 

l-‘68 

25 

1-158 

65 

1-526 

30 

1-195 

70 

1 -5S7 

35 

1-235 

80 

1-727 

40 

1-276 

90 

i 

1-893 


Tin Ammonium Chloride, SnCl4.2NH4Cl {Pink Salt). This salt 
forms beautiful white crystals, which dissolve readily in water. The 
content of tin is estimated as above (under Stannic Chloride), since the 
salt frequently contains an excess of ammonium chloride. It is much 
used in dyeing as a substitute for the more strongly corrosive stannic 
chloride. 

Sodium Stannate, NaoSnO^d- 3H2O {Preparing Salts). The pure 
salt forms colourless crystals; the ordinary commercial product is. 
usually largely contaminated with sodium carbonate and hydroxide, 
and not infrequently also contains arsenic. For the estimation of tin, 
the salt is dissolved in water, the solution treated with excess of hydro- 
chloric acid, and the tin precipitated with pure zinc ; the precipitate is 
dissolved *in hydrochloric acid, air being excluded, and the solution 
titrated, as described fora stannic chloride. Arsenic is tested for in a 
simple ^.JVIarsh apparatus. ^ , 


.BISMUTH AND ANTIMONY SALTS 

( 

*^ismuth Nitrate, Bi(NO3)jt+SH20,^ crystallises in transparent tri- 
clinic prisms which are very deliquescent. . The salt Ss decomposed by 
water with formation of the basic pitrate.^but is completely soluble 
in dilute nitric acid containing 8*3 g. 6f'acid.,per litre. Thq, solution 
corrodes filtbr paper. If ^me. pafl of the' salt! is treated with 
50,000 ’pants *of water, mo bismuth is foupd jn solution. On ignition, 
bismuth tiitrate everttually Idayes a residue of oxide. 
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The* salt is used for the manufacture of the subnitrate, carbonate, 
ind t)ther bismuth preparations. It is tested as explained ^under 
>ismuth subnitralte. , 

Basic Bismuth Nitrate (Bismtith Sulmitrate) is a white micro- 
crystalline powder. It approximates to the formula Bi(OH)2N03, but 
its composition^ varies slightly according to the amount of water used in 
its preparation. It is insoluble in, and slowly decomposed by, water, 
with loss of nitric acid : on moistening, it reddens blue litmus paper. 

Bismuth subnitrate is used in medicine, as a cosmetic, and in the 
producti<tn of iridescent glazes on porcelain. The medicinal product 
is a heavy white powder, odourless and tasteless, completely soluble 
in hydrochloric or nitric acid. Commercial varieties may contain 
silver, lead, copper, arsenic, and ammonium salts. Small quantities 
of chloride, sulphate, selenium, and tellurium may also be present. 

For the detection of impurities, 3 g. is dissolved in 4 c.c. of nitric 
acid, and the, solution poured into 100 c.c. of water. The precipitate 
is filtered off, the filtrate concentrated to 30 c.c., again filtered, and 
the solution divided in four portions. These are tested as follows : 
(a) Lead. Five c.c. of dilute sulphuric acid should give no turbidity 
after fifteen minutes, (b) Copper. Excess of ammonia should produce 
no blue colour, (c) Silver. Dilute hydrochloric acid should not cause 
any cloudiness, (d) Sulphate. Barium chloride solution should 
produce no precipitate. 

Arsenic is tested for by ignition of i g., which should leave a 
residue of 079 to 0-82 g. This is dissolved in hot sulphuric acid, and 
^the ' solution is tested in the Marsh-Berzclius apparatus; no mirror 
should be produced. According to the British Pharmacopoeia, not 
more than tw’o parts of arsenic per million should be present (see 
Appendix, p. 39^), 

Selenium and tellurium: i g. is dissolved in 1-5 c.c. of nitric 
acid; 10 c.c. bf 10 per cent, ammonium chloricfe solutioi^ is added, 
and the liquid is diluted to 100 c.c. The prgeipitate of bismuth oxy- 
chloride is filtered off and the filtrate treated with 10 g. of podium 
sulphite. No red or black colouration or precipitate should be produegfL 
after twelve hours* sta<iding. 

Analysis, If no fixed impurfties are present^ i of the salt is 
ignited gently to dull redness, and the residue weighed^ as BigCX 
(79 to 82 per cent.). In preserice^of gofl-volatile impurities, bisnfOfn 
is conveniently Estimated as phosphate Jaccord in g to the^m*ethod of 
Schoeller and Water housiii.^ 0-5, g.^ig dissolved in very little nitric 
acid; thp solution is dilgted ?o*about 70 c.c..and carefully treateff with 
ammohia until a flight •permanent prej:ipiiate is obtained? This is rer 
dissolved in 2 c.c. of stroi^ lytric acidfthe clear liquid healecito^boiling, 

1 Analyst^ 1920, 45, 435 ; see also Zeii, 19^3, 47, 133. 
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and precipitated whilst boiiing with 50 to 60 c.c. of 10 per cent, di- ; 
ammonium phosphate solution contained in a burette. The addition ’ 
should at first be made drop by drop; once the bfsmuth phosphate 
is thrown down, the remainder of the precipitant may be added more 
rapidly. The solution should be kept stirred to prevent bumping./ 
It is next diluted to 400 c.c. with boiling water and left to settle; the 
precipitate is filtered off, washed with 3 per cen^ ammomum nitrate 
solution, dried, ignited, and weighed as BiPO^. 

Bismuth Carbonate is a heavy white powder insoluble in water, 
soluble in hydrochloric or nitric acid. Its composition is' approxi- 
mately 2(Bi0)2C03+ HgO. It loses water at 100” and is converted 
into oxide on ignition. Its chief use is in medicine. It is ejdamined 
in the same way as the subnitrate (p. 393). ^ 

Potassium Antimonyl Tartrate, 2K(Sb0)C4H46t. + H20 (Tartar 
Emetic)^ forms colourless efflorescent rhombic prisms soluble in 3'^ parts 
of hot and 15 parts of cold water. 

The salt is used in medicine and as a mordant in dyeing and 
printing. It occurs in commerce as white crystals or powder; the 
technical grades often contain distinct traces of arsenic, which may 
be detected by the Bettendorf test. Excess of potassium bitartrate 
may also be present ; this is recognised by effervescence due to 
liberation of carbon dioxide when the solution is treated with sodium 
bicarbonate solution. Certain mordanting mixtures have been found 
to contain considerable amounts of zinc sulphate. For the detection 
of zinc, I g. is dissolved in water containing 2 g. of tartaric acid ; the 
solution is made alkaline with potassium hydroxide and saturated with, 
hydrogen sulphide. A white amorphous precipitate proves zinc to 
be present. Sulphate is detected as usual by addition of barium 
chloride to the solution acidified with hydrochloric «acid. 

For the estimation of antimony, 0-5 g. is dissolved in water together 
with 5 g* ^ Rochelle‘'salt and 1-5 g. of sodium bicarbonate; the solution 
is titrated with Njio iodine solution and starch. Alternatively, o» 5 g. 
of the salt is dissolved in 20 c.c. of water and 20 c.c. of ,strong hydro- 
chloric acid ; 80 c.c. of water is added, and the cold solution titrated 
with Njio permanganate. 

The medici/ial jalt ^should be free from lead, copper, iron, sodium, 
jinmoniurii, chloride, and sulphate. No. arsenic limit is given by the 
BrJfish Pharmacopada. ^ 

On account of tfte high^ price of tartar emetid, several cheaper 
antimgny salts are now being used as ftiordants. The two most 
important are; antimony potassium" oxalate, SKCgO^KX-f dHp, 
soluble in water <^withou^ ♦'cfccomposition ; and fJie double salt 
SbFg. (^H4)2lS04. This has to be stf)red and used in wooden 
vessels/ , ‘ \ ' 
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MERCURY SALTS 

# 

Mercuric Chloride, HgClg (Corrosive Sublimate)^ crystallises in 
\ rhombic needles, but usually occurs in commerce as semi-transparent 
crystallme crusts. One hundred parts of water dissolve (Poggiale): — 

^ at lo”* 20“ 50'' 80° 100° 

6*57 7*39 11*34 24-3 53*96 parts HgCh. 

It dissolves in 3 parts of alcohol and in 4 parts of ether. The 
pure salt melts at 288'’ and boils at 303° ; it can readily be sublimed. 
Its chief use is as an anti-putrescent for dressing furs and skins and 
as a disinfectant in medicine. 

A froquent impurity of corrosive subjimate is mercurous chloride ; 
this is detected by its insolubility in water, alcohol, and ether. The 
aqueous solution, after precipitation with hydrogen sulphide and 
filtration, should leave no residue (or less than 0*2 per cent.) upon 
evaporation. Two g. of the salt, on heating in a dry clean test tube, 
should leave no fixed residue. 

For the determination of mercury, 0-5 g. dissolved in 20 cx. of 
water is heated on a steam-bath with 10 cx. of hypophosphorous 
acid until the precipitated mercury collects into a globule. The 
metal is poured upon a filter paper, washed with water, alcohol, and 
ether, dried over sTilphuric acid, and weighed. Stannous chloride 
solution may be used instead of hypophosphorous acid ; enough 
^should be added to the ^acidified solution to convert the white 
precipitate first formed into a grey one of metallic mercury; the 
washing is done at first with dilute hydrochloric acid. 

Mercurous Chloride, HgCl (Calomel), is prepared by sublimation 
of a mixtuje of mercury and mercuric chloride ; the excess of the 
latter is removed by washing with water. 

It forms a wfiite, crystalline, insoluble# powder which sublimes 
without fusio^i at a red heat. IJ is used in medicine. # 

The commercial article sometimes con 4 :ains mercuric chloric 
which is readily removed by washing with water or hot alcohol. 
One g. of calomel, ghaken with 10 c.c. of watej, stioulci give a filtrate 
in wljich neither hydrogen .sulphide nor silver nitrate pft)duce anj^ 
turbidity. 0-5 g. should Icj^e I10 appreciable residue ^on gdhtle 
ignition. * 

^ Mercurous ^itrate, Transparent mopoclinic 

effloresetnt prisms, completely ^soluble in little water, but decomposed 
by much water with formation *ef in^dub|f , whit^ to y^lowii^h, basic 
salts. Dilute nitric acid#fji5nishes aMear solution which •stains the 
skin and is precipitated by hydrochlorip^acid. \ 
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The salt should be colourless, or show no more than a faint 
yellovtish tinge. One g. should give a clear solution in i c.c. of IVater 
and 3 drops, of 25 per cent, nitric acid (freedom from basic salt). 
One g. of the salt, triturated with i g. of sodium chloride and a 
little water, should give a paste free from any grey or yellow tinge, z'" 
and a filtrate which remains clear on treatment with stannous' chloride 
or hydrogen sulphide (absence of mercuric nitrsk^e). The,.mercury is 
estimated as described under “Mercuric Chloride” (p. 395). 


SILVER AND GOLD SALTS 

Silver Nitrate, AgNO^ {Lunar Caustic). The pure salt crystallises 
in large colourless rhombic plates, which, in presence of dust, Macken 
in the light. At 218° the nitrate melts and solidifies to a crystalline, 
radiating mass on cooling. It is readily soluble in water and in 
alcohol. One hundred parts of water dissolve ; — 

at o" 19-5'" 54" 85° 100" 

121*9 227*3 7^4 parts of AgNOg. 

The pure salt dissolves to a perfectly clear solution in water ; the 
colourless solution should not become turbid (lead, bismuth) or blue 
(copper) on the addition of a large excess of ammonia. 

The content of silver is determined gravimetrically as silver 
chloride or volumetrically by titration with ammonium thiocyanate 
according to Volhard^s method (p. 122). The salt, as it comes on 
the market in the form of sticks for surgical purposes, cannot be» 
distinguished in appearance from that fused with potassium nitrate, 
which is prepared for the same use. The content of nitre is either 
calculated by difference from the result of the silver determination, 
or the filtrate from the silver chloride is evaporated ,with hydro- 
chloric a\:id and 'che residual potassium chloride calculated to 
potassium nitrate. For<the detection of potassium nitrate, a strip 
of filter paper is moistened with ,the aqueous solution, dried, and 
lited I potash is indicated by the* strongly alkaline reaction of 
the ash. ^ 

ChlorauriCe Aciid, ^HAuCl4+4rt20, crystallines in long yellow 
j^edles. ‘By careful ignition in a covered porcelain crucible^, to a 
bri|^t red^heat, it leaves a re'sidue 6f p\xjre gold (47*85 per cent). 

Sodium Chloraui;ate, NaAuCl4+2H20 (Go/d Sa/t), is much used 
in phonography. It cry3tallises»i\yeilowish-n-ed rhomj^ic prisms, whicji 
are v?ry soluble in water. • The percentage of gold is 49*5. r 
• Potassium Chloraur^te,* JKAWLI4+2H2O, awd Ammonium 
Chloratirate,‘^2NH4AifCl4+sH26, are ydi^pw salts which crystallise 
well and Vre used for the sarh^ purposes as ** gold salt” 
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ESTIMATION OF JLEAD AND' ARSENIC 

For the estimation of the gold, a weighed amount of the salt is 
mix^ with half its weight of sodium carbonate, and gradually heated 
to a dull red boat in a covered porcelain crucible. Wljen cold, the 
salt is dissolved in hot water, and the gold dried, ignited, and weighed. 
Copper is the only impurity, and occurs in traces. For its determina- 
* tion, the* gold is precipitated from the hydrochloric acid solution of 
the gold salt* by warming with pure ferrous sulphate or ferrous 
chloride solution, and the copper precipitated in the filtrate by 
hydrogen sulphide. 


APPENDIX 

Methods prescribed by the British Pharmacopoeia (1914) for the 
Coldrimetric Estimation of Lead and Arsenic in Officinal Salts 
(and Acids).^ 

1 . Estimation of Lead. — This test is applied chiefly to salts of 
sodium, potassium, ammonium, lithium, magnesium, and calcium. It 
consists in treating a solution of the salt under standardised conditions 
with sodium sulphide and matching the tint in the manner described 
below. 

Four solutions are required: (i) Strong lead solution; 0-i6 g. 
of lead nitrate and 50 c.c, of strong nitric acid diluted to 100 c.c. 
One c.c. = 0-001 g. (2) Dilute lead solution : i c.c. of the preceding 
diluted to 100 c.c. One c.c. = o-ooooi g. Pb. (3) Cyanide solution: 
a 10 per cent, solution of 10 g. of potassium cyanide treated with 2 c.c. 
*of hydrogen peroxide, which* should remain colourless when tested with 
the dilute lead solution. (Addition of cyanide prevents interference 
of copper.) (4) Sulphide solution : a 10 per cent, solution of sodium 
sulphide. Lead-free glass vessels and stock bottles must be used 
throughout. • • ^ m * 

Two solutions of the salt to be tested are required : the primary 
solution (/^), containing 12, 7, or 4 g. of the salt, according to solubility 
and lead content; and the auxjli&ry solution^ (zi) containing 2 g., both 
in distilled water. E%ch solution is filtered (if necessary) into a 50 c.c. 
Nessler tube and treated with a slight excess of ammonia and i c.c. 
of the cyanide solution. If now P is darker tRan*.^, tlie* ti«ts may be 
equalised by addition of a very dilute solution of burnt sugar to 

Both solution* are diluted •to 50 c.c.,*and 2 drops of tRe •sulphide 
solution stirred in. Titrqfion of^A Jvith the^diTute lead solution will 
^uide the operator in ^latcMng the* colour^ of P by adding a suitable 
volume of the dfljte lead solutio»J:o a^fite^^h A solu|ion and putting thi^ 
once more through the whol^ process^ the method is one by trial and 
' Referred to by peimission of the fieneAl Medical touncil. • * 
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error. One c.c. of the diljate lead solution is equivalent to i, 2, or 
5 parte of lead per million, according to the quantity of salt (12^7, or 
4 g.) used in the preparation of A, Solutions of calcium and 
magnesium salts are first treated with excess of acetic acid, followed 
by excess of ammonia and i c.c. of cyanide solution; magnesium 
carbonate is dissolved by boiling with acetic acid. 

The method prescribed by the Pharmacopoeia does not take into 
account the disturbing effect of ferric salt, a rather common impurity, 
which will cause a deepening of the colour. 

II. Estimation of Arsenic. — Arsenic must be determinejl in iron, 
zinc, copper, and bismuth salts, as well as in salts of the lighter metals 
enumerated under I. The colorimetric method is based i^pon the 
conversion of the arsenic by nascent hydrogen into hydrogen ^arsenide 
and the action of the latter upon mercuric chloride* paper: yellow 

stain is produced, the intensity of which is compared with that of 
a series of standard stains obtained with known amounts of arsenic. 
It should be noted that the expression parts of arsenic per million ” 
as used in the Pharmacopoeia denotes parts of arsenic trioxide per 
million. 

Those undertaking the examination of chemicals destined for 
officinal use should consult the Pharmacopoeia for the various methods 
of preparing the solutions of the preparations to be tested for arsenic, 
the standard reagents required, and the dimensions and manipulation 
of the apparatus. 

For ordinary factory control, the evolution flask and procedure 
described by Hollins^ may be used with advantage {cf. also Vol. I., 

pp. 433-448)- 


’ y. Soc, Chem. Ind,y I 9 l 7 t 36) 576. 
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By J. T. Dunn, D.Sc., F.I.C., Consulting Cliemist, 
Newcastle-on-Tyne 

GENERAL METHODS FOR THE DETERMINATION OF POTASSIUM 

> 

Of the methods used for the determirfation of potassium, that of 
Fresenius, in which the potassium is separated as potassium platini- 
chloride, is the most important, and has found general acceptance in 
the potassium salt industry. Amongst other methods, the determina- 
tion of potassium as perchlorate, which has been very thoroughly worked 
out by Wense^ and by Caspar!,*^ may be regarded as of equal value with 
» the older platinum method, a statement substantiated by the fact that 
the International Congress for Applied Chemistry (1903) decided to 
class it as an international method of determination, together with the 
Fresenius method. , 

A. The Potassium platinichloride method.— In the separation of 
potassium as potassium platinichloride by Fresenius* shortened method, 

• which has been thoroughly* worked out by Precht,^ the use of pure 
platinic chloride solution is of the utmost importance. It must be free 
from platinous chloride and oxides of nitrogen, and contain at most only 
a small quantity of free hydrochloric acid. Precautions must also be 
taken against l^e introduction of other impurities, such as# sulphuric 
acid from impure reagents, and potassium platinichloride from the 
incomplete washing of recovered platinum from platinum residues. 
The preparation of the platinic ^chloride solutjon is described below. 

For washing potassium platinichloride precipitates absolute alcohol 
should invariably be used, because^ while potassium platinichloride is 
soluble only to the Sxtent of i 140,000 in absolute *alcoh6l, in 80 per 
cent alcohol the solubility incr«as®s to 1:25,000; and secondly, Jrhe 
double salts of platinic chlorjdef with sodi|m, calcium, and nllagnesium 
met with in course of analysis, are a{ least a:| soluble in absolute as 
irf more dilute alcbhol — the sodium salt Secidedly more so. Thf fnore 

# • , I • 

^ if. 4, 691. • • * • • ^ * 

2 Ibid.y 1893, 6, 68 j cf. also, f^rei^er, Z, tmof% Chern.y 189$, 9, 342 ; 1895, 

72, 341. ^ ® Chem,^ i 879 i S09. 
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accurate results claimed as ^a result of the use of 8o per cent, alcohol 
are diK to a compensation of the greater solubility of the potassium 
platinichlori(^e in that reagent by impurities in tlief platinic chloride 
employed. The proposal to remove the impurities in the potassium 
platinichloride precipitate by dissolving in hot water and filtering 
off the impurities, is only partially effective as the precipitate may 
contain in addition to platinous chloride and^ insoluble sulphates, 
barium chloride, arising from the use of an excess in the pre- 
cipitation of sulphuric acid, and potassium platinichloride introduced 
by the use of an impure platinic chloride solution : these ^purities 
are naturally not removed from the dissolved precipitate by treatment 
with hot water. Provided a definite, measured quantity of platinic 
chloride solution is always added, it is simpler to evaporatq about 
lO c.c. of the platinic chloride solution to dryness', to takq u^p and 
wash the residue with alcohol, and to weigh it ; the impurities !n the 
reagent are thus determined, and a proportionate weight is then 
deducted from the weight of potassium platinichloride found. 

For the collection of the potassium platinichloride precipitate, either 
a filter paper or a Gooch crucible is employed. In the Stassfurt works 
filter paper is invariably used, and preference is given to a Swedish 
paper ^ which permits of quick filtration and is at the same time 
sufficiently retentive. Filtration is usually hastened by suction. 
When frequent daily determinations of potassium have to be carried 
out, the washing of the precipitates may with advantage be done by 
means of a lo litre jar placed about 6o cm. above the bench and fitted 
with a cork, glass tube and rubber tubing, to which a pinchcock and 
glass jet are attached, instead of by an ordinary wash-bottle. 

For the preparation of platinic chloride, waste alcoholic washings 
and potassium platinichloride precipitates from previous analyses are 
generally used. The alcoholic washings are diluted with one-third of 
their volune of water and, after addition of sodium ca/bbnate, heated 
to boiling on the water-bath in a large porcelain dish, and the potassium 
platinichloride to be reduced gradually stirred in. The heating and the 
addition of sodium carbonate must be continued until tile liquid above 
the reduced platinum is perfectly clear, alkaline^ and of a faint yellow 
colour. The solution is then decanted off and the reduced platinum 
purified by boiling with hydrochloric acid and thefi with water, evapor- 
ating to dryness on the water-bath;, and decomposing any organic 
platinuiii compounds presenp by careffil ignition. xVfter ignition, the 
finely ground platinbn; is boildd once with concentrated nitric acid, 
the liquid decanted off, and the platinum dissqlved in a large porcelain 
dish on the water, bath by . the grajdual addition of) about tour times 
its weight of warm hydrochloric and nitric acids, in the proportion 
^ H'. Munktell, No. i, F. 9 cm. 
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of four parts of hydrochloric acid to one pa^t of nitric. When solution 
is complete, the liquid is evaporated till a drop taken out on a glass 
rod solidifies. Towards the end of the evaporation, watef and hydro- 
chloric acid are added alternately to remove nitrous compounds, and 
fuming hydrochloric acid with very little nitric acid to convert any 
platinoids into platinic chloride. To ensure complete removal of 
these compounds, tl\e solution may be shaken with a few c.c. of lO 
or 20 per cent solution of pure hydrogen peroxide before dilution. 
After cooling, the crystalline mass of platinic chloride is taken up 
with watj^r, the solution filtered and diluted so that lo c.c. contains 
I g. of platinum (sp. gr. i-i8). 

Platinum residues, either washings or precipitates, may also be 
reduced by zinc dust 

Shoujd scrap platinum be used for the preparation of the chloride, 
the possible presence of iridium necessitates the addition of ammonium 
chloride to precipitate the platinum salt, which is then reduced. The 
purity of the platinic chloride solution is best checked against a 
solution of 7*64 g. of pure potassium chloride and i-2 g. of sodium 
chloride made up to 500 c.c. 

For the analysis 0-2 to i-o g. of substance is taken, according to its 
potassium content, dissolved in 10 to 20 c.c. of water in a porcelain 
dish of about 10 cm. diameter, platinum chloride solution is added in 
sufficient excess (for the quantities given, say 6 c.c., the excess facilitates 
the washing), and the liquid evaporated on the water-bath. During 
evaporation the contents of the dish are frequently agitated and the 
evaporation continued to dryness, as anhydrous sodium platinic 
chloride is more soluble in alcohol than the salt with water of 
crystallisation. The formation of large crystals of sodium platini- 
chloride should be prevented if possible, since they render thorough 
washing more difficult. The cold residue is moistened with alcohol, 
and broken down with a flat-headed glass rod, then thoroughly ground 
up with about 20 c.c. of alcohol, and the washings filtered through a 
tared filter paper previously dried for about one hour (till constant) at 
120° to 130', vfeighed warm, and nioistened with alcohol before Altering. 
Since some kinds of filter paper gain weight (2 to 5 mg.) on moistenihg 
with alcohol and subsequent drying, it is advisable to moisten the filter 
with ^cohol, and then dry and weigh it before ui^e. Care fnust be taken 
in filtering to prevent the liquid^frcm combing in contact with the^dge 
of the filter paper. Two or three similarly conducted wa^hitigs with 
alcohol suffice for the complete repiovkl of the^^soluble platinum double 
&lts. This end is more^ quickly attained if,^ after the second Addition 
of alcohol, the dl.jjh is warmed oi> Jhe Wc\ter-bath ti^ the alcohol nearly 
boils. A low result need^not be feared from this treatment^ since the 
greater part of the substances which causc'lhe hot alcoholTo dr^ssolve the 
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potassium platinichloride is Removed by the first cold decantation. The 
washed precipitate is then brought on to the filter paper, and after as 
much alcohol, has been pumped off as possible, is presj?>ed between filter 
paper, dried till constant at 120° to 130*", and weighed warm. Twenty 
minutes generally suffices for the drying. 

Before drying, the filter paper is conveniently folded, as shown 
in Figs. 48 (front view) and 49 (back view) ; tl^e possibility of any 
precipitate falling out is thus prevented. 

The following modifications of the platinum method have been 
proposed : — ^ 

Vogel and Hafcke,^ in potassium salts containing sulphates, treat 
the sulphates of the alkalis with a slight excess of platinic cliloride, 
a method previously suggested by Finkener. For the analysis of 
kainite, for instance, 10 g. of the salt is dissolved in 300 c.c. , of \water 
in a 500 c.c. flask, boiled, and, after cooling, the contents made up to 
the 500 c.c. mark. Fifty c.c. (i g.) of the solution is evaporated to 




dryness in a platinum dish, and after cooling 20 c.c. of a solution of 
neutral ammonium carbonate (Schaffgotsch's solution) added to 
precipitate calcium and magnesium. The bulky precipitate first 
formed goes into solution on vigorous stirring, a crystalline precipitate 
separating later, l^he separation of the calcium and magnesium 
requires about twelve hours. The liquid is then filtered through a 
small fiker paper and the precipitate washed with lO* to 15 c.c. of 
Schaffgotsch's solution. The filtrate, after addition of a few drops 
of sulphuric acid, is evaporated to dryness in a piatinum dish, the dish 
being covepd with^a cJock-glass to prevent spitting of the contents. 
The residue is then gently igmted to remove ammonium salts, dissolved 
in ho^ w^tear, filtered through a 'small filter paper into a porcelain dish 
about 10 cm. in diameter, plalinioi chloride and some liydrochloric acid 
added, ^and the whole evaporated te a feyi;upy consistency. The residua^ 
cold, crystallipe mass is rubbed up finely with 2!o to 25,<?.c. of a n;ixture 
of 2 pajts of ^absoliftc alcohdl ai^d i ’“part of ether, filtered through a 

• * * « 2 1 

* ^ Landw^^Versuchs’-Stat.^ xi., vii., 97. 
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Gooch crucible, and washed until the washings are colourless. The 
residue remaining in the crucible, consisting of potassium ^latini- 
chloride and sodium sulphate, after being dried for five %o ten minutes 
in a drying oven, is decomposed in a current of hydrogen, the crucible 
being fitted up like a Rose crucible, care being taken that the tempera- 
ture ddes not, rise much above 250°. As a rule, the reduction is 
complete ip from ten to fifteen minutes. The reduced platinum is 
washed in the same crucible with hot water. The crucible is then 
dried, ignited, weighed, and the content of potassium calculated. 

Whil^ from a theoretical standpoint nothing can be said against 
this method, it is not so favoured by technical chemists as the older, 
shortened platinum or perchloric acid methods, on account of the 
more lengthy and complicated manipulation involved. The long 
time necessary (^twelve hours) for the precipitation of the calcium 
and magnesium renders the method unsuitable, when, as is usual, 
results are demanded at short notice. It finds its most useful 
application in the determination of potassium in organic substances. 
An advantage of the method lies in the small amounts of platinic 
chloride and of alcohol used. 

To avoid weighing the potassium platinichloride it may be 
decomposed by reducing substances such as formic or oxalic acids, 
magnesium or zinc dust, and either the separated platinum determined 
or the chlorine titrated in the filtrate. Thus Fabrc ^ reduces the 
dissolved potassium •platinichloride with magnesium powder in warm 
solution, filters off the platinum and the excess of magnesium powder, 
and estimates the chlorine in the filtrate volumetrically. Diamant^ 
uses zinc dust; the reduction then takes place in the cold. This 
obviates the formation of insoluble magnesium oxychloride, which is 
apt to be formed when magnesium is used for the reduction, and which 
has to be removed' by addition of sulphuric acid and the excess of acid 
subsequently n?:utralised by calcium carbonate. * • 

Lindo-Gladding^s method for the determination ol potassium in 
potassium sal^s, which is much used in the United States, has not 
given very satisfactory results i« the hands ofimost chemists.^ In tj^is 
method the initial conversion of the sulphates into the corresponding 
chlorides is avoided by taking a nTeasured portion .(o- 5. g^. in solution) 
and tqpating it with 0-25 g. ,of sodium chloride and a few drops of 
hydrochloric acid, evaporating y^th^iS $.c* of platinic chloride^ sokftion 
(l : 10), washing the residue with alc^ohol (80 ptjr cent.) till free from 
sodium platinichloride, and^ finally ^vit^ ^n ammonium chloride jplution 
prepared^as follows:— “aTo a solution of loo^g. of ammonjum chloride 

^ 1896, 20, 502. , ,, 1 yy* 

» Cf. Breyer and Schweitzer, Z:<mai. Chem,, 1896, 35*687 ; and»Robinsftn,yf .\mer, Chem, 
1894, x6, $64* 
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in 5CX) c.c. of water, lo g. of potassium platinichloride is added, and 
after frequent vigorous shaking at intervals during six to eight hburs, 
allowed to stand over night, and filtered.** The potassium platini- 
chloride is washed quite free from sulphates with this solution, then 
again with 8o per cent, alcohol, and finally dried and weighed. 

B. The Perchloric acid method.— This method. posse.sses an 
advantage over the platinichloride method in beii^g more suitable for 
the analysis of sulphates, and is coming more and more into use. The 
perchlorates of sodium, calcium, and magnesium, as well as that of 
barium, are soluble in alcohol, so that a slight excess of bariuncK chloride 
used for the precipitation of the sulphates is not disadvantageous, as 
it is completely converted into perchlorate during the analysis In 
the platinum method, on the contrary, any excess of barium chloride 
must be avoided, because, as J^recht^ has shown, barium platinichllpride 
is decomposed by alcohol, and the insoluble barium chloride foi^med 
would be weighed with the potassium platinichloride. 

Potassium perchlorate being granular, is easily filtered and washed ; 
further, the evaporation after precipitation may be carried further than in 
the platinum method without disadvantage, and is in fact desirable, so 
as to convert the chlorides completely into perchlorates. The perchloric 
acid method is also less costly than the platinum method, and avoids 
those injurious effects which at times occur in working up platinum 
residues. 

For the preparation of perchloric acid, pota. 4 sium perchlorate or 
chlorate is employed. Perchloric acid is prepared according to 
Caspari ^ as follows : — , 

Potassium chlorate is heated in a Hessian crucible, 15 cm. high, 
until the molten mass thickens to a pasty condition showing the end 
of the decomposition to perchlorate. The ground-up melt is then 
boiled with one and a half times its weight of water, the potassium 
cKloride solution pohred off when cold, the residue washed with cold 
water to complete the removal of the potassium chloride, and dried. 
The potassium perchlorate is then converted into perchloric acid by 
decomposition with hydro»fluosilicic acid, according to the equation : — 

2KCIO4 + HsSiFg =fK2SiF, -f 2 HCIO4. 

f * ' * • . . . . 

The potassium perchlorate is dissol\ted in about seven tinges its 
weight of hot water in a laf-ge poVeeJain dish, and a slight excess of 
hydrofluosilicic acid stirred iii '^he boiling is continued until all small, 
hard lupips of potassium perchlpf|ite* have disappeared, the evaporated 
water*being made up by fresh additions. After cooling, the Sjplution is 
filtered or decanted from gelatinous potassium fluosilicate ahd con- 
centrated as far as jjosSible on t|!e water-b\th ; after standing in a cold 

1 Z ava/, 1879, zS^tS 16. ^ Loc^ cit. 
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place for twenty-four hours, any potassium fluosilicate remaining in 
solution, along with a small quantity of potassium perchlorate, separates 
out. The solutfon is then filtered through an asbestos^ filter, diluted 
with an equal volume of water, and any remaining hydrofluosilicic acid 
and sulphuric acid, which may be present as an impurity from the 
hydrofluosilicic acid, precipitated with barium chloride. When the 
solution has cleared, jt is filtered and evaporated till all hydrochloric acid 
fumes are driven off and white fumes of perchloric acid appear. On 
cooling, a further portion of potassium perchlorate and needles of 
sodium j^rchlorate separate out, from which the free concentrated acid 
is filtered off. The filtrate is finally diluted with an equal volume of 
water and allowed to stand for from one to two days, during which 
time any remaining barium fluosilicate and barium sulphate separate 
out. A/tcr furtlfer filtration the reagent is ready for use. 

Kreider^ gives the following method for the preparation of per- 
chloric acid : — 

One hundred to three hundred g. of sodium chlorate is heated in a 
glass retort until the evolution of oxygen begins. After about one to 
two hours the molten mass becomes solid, showing that the decom- 
position of chlorate into perchlorate and chloride is complete. After 
cooling, the mass is washed out into a large porcelain dish, and treated 
with sufficient hydrochloric acid to decompose any remaining chlorate. 
The whole contents of the dish arc then evaporated to dryness, either 
on the water-bath or over a free flame, being continually stirred during 
the evaporation. The broken-up residue is then treated with an excess 
of the strongest hydrochloric acid ; perchloric acid and sodium chloride 
are formed, which are sepaf-ated by filtration through a Gooch crucible. 
The filtrate is evaporated on the water-bath until all the hydrochloric 
acid is removed .and white fumes of perchloric acid begin to come off. 

It is not now necessary to prepare the acid in the laboratory, as It 
may be purt:hased in 20 per cent, solution ; but it must b» ascertained 
that it leaves no fesiduc on evaporation to (^ryness, and should it do so 
it must be redistilled. It should give no reaction with bariurn chloride 
(fluosilicates*5, and 10 c.c. shoylcf mix without turbidity with 10 c.c. of 
96 per cent, alcohol. | 

According to van Enester,^ th^ strength of petchloric acid solutions 
vari^ with the specific gravity as follows : — * * • 


Per cent, of HCJP 4 
20 


30 • 



Sp. gr. 1674^ 

1*125 
iSio^ , 

• 1-300 


" Pgr cent, of HCIO 4 

• 50 • 

• 6b 

• 70 


sp. gt. iy/4- 
1*410 
1*540^. 
1*675 


1 Amer,J, Sct.^iMg^y 49 » 443 ; Qfiem.N€w$^ 189 ^, 73 , 8 , ^ 7 . 
Z, anorg, Cherniy 1 ^ 07 , 52 , 270 . ^ 
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D, V, HilP has suggested the use of aniline perchlorate instead of 
perchloric acid, 

To carry oyt the determination, substance equivalent to 0*4 or 0-5 g. 
of potassium chloride is dissolved in about 20 c.c. of water, and evapor- 
ated on the water-bath in a flat, dark.blue glazed porcelain dish 10 cm, 
in diameter, with 5 c.c, of perchloric acid of 1-125 sp. gr. ^20 per v:ent. of 
HCIO4), till the smell of hydrochloric acid ceases ^nd white fumes of 
perchloric acid are evolved. The residue when cold is carefully 
triturated with 20 c.c. of 96 per cent, alcohol containing about 
0-2 per cent, of perchloric acid solution. After allowing po settle 
for a short time, the supernatant liquid is filtered through a pnper 
prepared as in the platinum method, or through a Gooch crucible. 
The trituration is repeated twice, and the residue then removed\ on 
to the paper or crucible, and subsequently washed vfith the mixture 
of perchloric acid and alcohol. * The perchloric acid is finally removed 
from the filter and precipitate by washing with the smallest possible 
quantity of pure 96 per cent, alcohol. The precipitate is then dried and 
weighed as in the platinum method. 

Devices for lessening the solubility of potassium perchlorate in the 
washing liquid have received a good deal of attention. Davis‘S recom- 
mends washing with alcohol saturated with the salt, and his proposal 
is approved by Thin and Gumming,^ who also point out that the 
solubility decreases considerably as the percentage of alcohol rises 
above 95, and by Baxter and Kobayashi,^ who use absolute alcohol, and 
wash the precipitate at or near 0° Gooch and Blake,^ on the other 
hand, consider that a saturated solution of potassium perchlorate con- 
taining also sodium perchlorate, may, in contact with solid potassium 
perchlorate, deposit some of its potassium salt, and they therefore prefer 
to use 97 per cent, alcohol containing o-i per cent. of. perchloric acid, 
taking care to keep down the bulk of washing liquid as far as possible. 
Baxter and^Kobayashi® confirm this, and suggest that the sodium salt 
should be removed by wasjjing with alcohol containinfg perchloric acid, 
before th^ washing with alcohol saturated with ootassium oerchlorate is 
begun. 

Caspari suggested dissolving the precipitate aftjer the first washing, 
and evaporating afre^^h with perchlorit acid, to effect complete removal 
of sodium sfalt*; \iis proposal is supported^ by Baxter and Kobaj^ashi, 
and aJkip by Gooch and Blake* vjho ^oiviider the operation imperative 
when the {Precipitate weighs mjre than o-J g- 

1 Amer,/. Set., 1915, 40, j:5*^ Ane/ysl, 19169 41, 55. 

Agnc. Scu, 1912, 5, 52 ; 38,^7- 

CAem. Soc,, 1915, 361. , 

^ Amer}Chem» 1917,^9, 2 ft. 

, » Amer. J- Sci:, 1917, 44, 3§i ; Amfyst, 43, 277. 

6 /. Amer, Vkenu Soc.*i^o, 42, 735 J Analyst, 1920, 45, 238, 
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R. L. Morris,^ in a comprehensive paper^ recommends the following 
procedure: — The solution of the potassium salt is evaporated with 
perchloric acid, fhree times in all, and in the third evaporation is 
taken to dryness. The residue is treated with lo c.c. of wash liquid 
. (98 per cent, alcohol, 100 c.c. ; 20 per cent, perchloric acid, i c.c.), stirred 
well with a flat-headed glass rod, allowed to stand 10 to 15 minutes if 
sodium is j^resent, occasionally stirring; allowed to settle, and the 
liquid decanted through asbestos in a Gooch crucible. If sodium is 
absent, the precipitate is now rinsed into the filter, using a measured 
quantity liquid in a wash-bottle. If sodium is present, the basin 
and precipitate are placed on top of the air-oven till all alcohol is 
removed, the precipitate is dissolved in the least possible amount of 
boiling water, and the liquid again evaporated to dryness. Treatment 
with io,c.c. of \^ash liquid and decantation are repeated, and the 
precipitate is washed into the filter with 'the help of the last 10 c.c. of 
filtrate, and washed on the filter by a measured volume of wash liquid 
added in small portions. Crucible and contents are now dried at 
130° to 150'', cooled, and weighed. Then 2 or 3 c.c. of wash liquid are 
passed through, and the drying and weighing repeated. This is done 
till two successive weighings do not differ by more than 2 or 3 tenths 
of a milligram. 

The solubility of potassium perchlorate in absolute alcohol contain- 
ing varying amounts of perchloric acid was determined by Baxter and 
Kobayashi to be as follows : — 


Per cent, of HCIO4 


Grammes of KCIO4 dissolved 


solution). 

• 

21". 

0 

0*0047 

0*0080 

0-05 

0*0019 

0*0040 

b-io 

0*0019 

0*0030 

0-15 

0*0018 

0*0028 

0-20 

0*001 8 

o*db26 

0-50 

0*0019 ^ 

0*003 1 


whilst Thin alid Gumming, working at 25° ^vith alcohol of different 
strengths, obtained th# following figures : — 


Per cent, ot HCIO4 
(usod in 20 per cent. 

• StrengUi of 
•alcc^ol. 

Grammes of KCIO4 

solution). 

dissolved per 100 c.c. 

g -0 

, • 93-5 

0*051 

0*2 

93 -S 1 

•o*oi8 

,0*0 

, ^ cJ8-S. ♦ 

* 0*019 

0*2 0 

98-8 

0*010 

*i.o • 

•98-8 . • 

ot>28 • 


V. 


Atiafysl , 1910, 45, 3?9. 
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C. Other Methods fof the determination of Potassium.— The 

separa^tion of potassium as potassium hydrogen tartrate has been much 
improved hy^ Frank, ^ Fleischer, ^ and especially by** Bayer/"* To the 
solution of about o-y g. of the substance containing potassium in 2$ c.c 
of water, Bayer adds sodium carbonate equivalent to the amount of^ 
acid radicle present, and then excess of acetic acid (6 c.c. of 8o per cent 
acid) and tartaric acid (about 2*4 g. of the solid). ^ Absolute alcohol is 
then added to the heated solution until it contains 25 per cent of 
alcohol. After standing for two hours, the cleared solution is filtered 
off, the precipitate freed from sodium bitartrate by waging with 
25 per cent alcohol, and finally washed with 50 per cent, alcohol.; The 
precipitate along with the filter paper is then titrated with A^io sodium 
hydroxide, using phenolphthalein as indicator. A correction is added 
for the solubility of the potassium salt in the washing liquors (none for 
the original liquid) of i-2 c.c.^of N/io alkali per 100 c.c. of 50 per t:ent, 
3*5 c.c. per 100 c.c. of 25 per cent, alcohol. ^ ^ 

Rose^ proposed the separation of potassium as potassium silico- 
fluoride^ by treating the concentrated solution of the potassium salt 
with an excess of pure hydrofluosilicic acid and an equal volume of 
alcohol. The gelatinous precipitate of potassium fluosilicatc is collected 
on a weighed filter paper, washed with 50 per cent, alcohol, dried at • 
100®, and weighed. 

Gilbert^ precipitated the potassium as potassium sodium cobalti- 
nitrite, with excess of cobaltous acetate and sodium nitrite, washing 
the precipitate first with a cobalt solution (10 g. crystallised cobaltous 
acetate and 90 g. pure potassium-free sodium nitrite dissolved in 
water, 25 c.c. acetic acid (sp. gr. 1-04) added, and the solution made 
up to I litre), and finally with 80 per cent, alcohol. The washed 
precipitate is then either dissolved by warming with, hydrochloric acid, 
or decomposed at 300° and the residue taken up* with water. The 
scrlution tbas obtained is then further treated, as usual,*with platinic 
chloride or with perchloric acid. However accural?e this method may 
be, the Jengthy manipulation involved renders it unsuited to technical 
purposes. , ' , ^ 

*'Gilbert*s method is the precursor of melhods for the direct 
determination of potassium by precipitation as potassium sodium 
cobalt in itr<te.’ This was first recommended by Adie and ^^ood.® 
Thejii^make use of a reagent obtained by dissolving 113 g. of cobalt 
acetate \n‘ 300 c.c. of wate| and lOcJ c/:. of acetic acid, and also 
dissolving 220 g. of sodium nitrite iq 400 c.q. of water; these solutions, 

♦ • • ^ % * t> 

^ Z>tng/. polyUj,^ 1867, 183, 40. . ® Z, anal^ Chem,^ 1870, 9* 33^. 

® Zrz/., *1893, i7| 686. ^ ^ 867, 102, 7. ' 

® Inai^ral dissertation, Tubingffen, 189^ : Dte BesHmmung des Kali^ms nach quantitativer 
Ahschtidungdhsselhen ah K<{JiumnairiumkobajtniiriU 
® /. Ctiefn, SoQ.y 1900, 77, 1076. . ^ 
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after filtration, are mixed, and the nitric oxide produced is removed 
undcM* a filter-pump. The liquid is then a^llowed to stand for twenty- 
four hours, filtered from any precipitate that may hav^ formed, and 
made up to a litre. The potassium solution should contain between 
0*5 and i*o per cent, of KgO ; at greater dilutions the precipitate passes 
through the filter; lo c.c. of this is precipitated by the addition of i c.c. 
of acetic acid and lo c.c. of the reagent. After standing overnight the 
liquid is filtered through a weighed paper or through asbestos in a 
weighed Gooch crucible, the precipitate washed with lo per cent, acetic 
acid, and dried at 125'' to constant weight. The dried precipitate has 
the formma K2NaCo(N02V 

Instead of weighing the precipitate, the nitrite may be determined 
volumetrically by permanganate. The precipitate and asbestos are 
placed ig a beal<t:r and boiled with dilute sodium hydroxide solution; 
the liquid is filtered from the asbestos arid cobaltic hydroxide, and the 
filtrate and washings are made up to 100 c.c. Of this, 20 c.c. is acidified 
and rapidly titrated with Nj 10 permanganate. A small loss of nitrogen 
oxides occurs on acidifying ; therefore to a second 20 c.c. of the solution 
is added the amount of permanganate used in the first titration, the 
liquid then made acid with dilute sulphuric acid, and the titration 
finished. 

W. A. DrusheP found that the difficulties of filtration can be 
overcome, and hence the need for working with potassium solutions 
between limits of concentration abrogated, by evaporating after pre- 
cipitation ; and also that titration with permanganate can be carried 
out without previous removal of the cobalt. To the solution, con- 
staining not more than 0-2 of K2O, and free from ammonium salts, 
he adds a large excess of the reagent, and evaporates on the water- 
bath to pastines.s, The mass is then treated with 50-100 c.c. of cold 
water, stirred till the excess of sodium cobaltinitrite has dissolved, the 
precipitate allowed to settle, the liquid decanted through a Gooch filter, 
the precipitate waifhed two or three times l:^ decantation, and finally 
on the filter, with cold water. A measured volume (in excess) of Njio 
permanganate? is diluted to about ten times^its bulk with water, and 
heated nearly to boilifg. The precipitate and filter are introduced and 
well stirred, tlien the crucible is put in. When the solution darkens 
throujjh precipitation of manganese dioxide, 5 to 25* cfc. of 1:7 
sulphuric acid is added, stirred •in,^nd^ the liquid allowed to sta^^ for 
a few minutes. Then a m^asflred volurne (in excess) of oxalic 

acid, containing 50 cc. of ijplphurij: aejid per litre, is added, the liquid is 
l&pt just below boiling^ point till clear, and^ the excess of oxSlte acid 
titrated hy perrh|^nganftte. The* ^oxalic, ^cid shoi^ld be •standardiseij 
against permanganate which, has beea treated as in the*analy^is. In 
1 Amer.J Scu, 1907 , 24 , 433 \ Analyst, 1908 , 33 , 35 . 
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this titration, the oxidation of one twelfth of the nitrite is effected by 
the reduction of the cobaUic to cobaltous oxide ; hence each icubic 
centimetre of Njio permanganate is equivalent n6t to 0*000785 g. 
KgO, but to twelve elevenths of that amount, or 0000856 g. Drushel 
found that salts of calcium or magnesium, or soluble phosphates, do 
not interfere with the accuracy of the determination. 

Modifications in detail of this method have^ been suggested by 
L. T. Bowser,^ O. M. Shedd;^ F. H. MacdougalV Garola and Braun, ^ 
and by A. H. Bennett,"^ who uses it to separate potassium from other # 
substances, and then determines the potassium as perchlorate. Accord- 
ing to P. Wenger and C. Il^men,^ the proportion of potas^m in the 
mixed piecipitate of sodium and potassium coballinitrites can be^ 
calculated from the content of cobalt. \ 

Morris ^ found that to obtain accurate and consfetent results \from 
DrushePs method it was desirable to heat at least ten minutes before 
and at least ten minutes after acidifying the permanganate, and to add 
a good excess of oxalic acid. 

The following methods have also been suggested * — The precipita- 
tion of the potassium as potassium piaate, proposed by Hager,® as 
potassium bismuth thiosulphate by Cat not and Campari, and Gay- 
Lussac’s method of determining potassium chloride by the reduction 
in temperature produced on dissolving potassium chloride and sodium 
chloride in water. 


SPECIAL MP.PHODS OF ANALYSIS 
I.— STASSFURT SALTS 
A. Crude Salts 

« These ^include Qarnalhte (mixture of carnallite, ,rozk salt, and 
kieserite), Rock kieseiite (mixture of carnallite and kieserite), Kainiie 
(mixture of kainite andVock salt), Sylvinite (mixture of sylvite and 
rock saft), and Hartsah^^ (mixture Of sylvite, rock salt, and kieserite), 
' For the examination of the crude sa*lts it is w|ll to take as large a 
sample as possible. < 

Deternmnatibn of PoXassium, i. Platinum viethed. In the Stassfurt 
labQjg.tories, quantities of the* salts t;p he fexamined are weighed out, as 

t • c ^ • 

' Ind, Eng. Chem^ 1909, ;(A Chem. SocT^ 1 910, 98, 995 . 

^ / 6 td., 1910, 2, 379;*“ inafyslf i(^Ot 35, 499. t- 
' ® /. Amff. Chem. 1 , 912 ) 34 , 1^84 , Akafyst^ 1913 , 38, 81,' 

4 Anfk^ Ealst/.,pi 7 , 10, *572 \ Analyst, 1918. 43 159 
, ® Analyst, 1910, 41, 165.1 ^ ^ Ann Chttn. anal., 1920 [II], 2, 198. 

’ Analyst^ 1923^ 48,' 250. ** Cenir., 2 it, 225. 

^ Com/^ies rend., 1878, 86, 478 * Z. anal. Chem., 1884, 23, 60, 



STASSFURT SALTS 


411 


proposed by Prccht, so that the calculation of the content of potassium 
chloride or sulphate from the weight of potassium platinichloride is 
avoided. One mg* of potassium platinichloride is made tq correspond 
to O-i per cent, of potassium chloride or sulphate. Taking the 
factors ^ for the calculation of the content of potassium chloride, 
potassium sulphate, or potassium oxide from the potassium platini- 
chloride found as 0-^056, 03571, and 0-1931 respectively, suitable 
multiples of Ihese figures are taken in the original weighings accord- 
, ing to whether the percentage of potassium chloride or sulphate is 
required. This plan has the further advantage that the quantity of 
platinic chlOTide to be added is independent of whether the content is 
'calculated to potassium chloride or to potassium sulphate. 

The potassium in crude potassium salts is determined as follows : — 

30 56 g. o^carnallii^ or of rock kieserite,or 35*71 g. of kainite, sylvite, or 
hartsalz, is dissolved in a 500 c.c. flask by Boiling with 300 c.c. of water 
with addition of 15 c.c of concentrated hydrochloric acid, and after 
cooling, diluted up to the mark. Usually, and if the sample is finely 
ground, 7-640 g. and 8 9275 g. respectively suffice for the analysis. The 
crude salts may be dissolved in pure water or in water containing hydro- 
chloric acid, but as hydrochloric acid must be added before precipitating 

• the sulphuric acid, it can be added to the water at this stage. Fifty c.c. 
of the solution, previously filtered if necessary, is treated in a 200 c.c. flask 
with barium chloride, as described on p. 417, filled up to the mark after 
cooling, and 20 c.c. of the filtrate (=0-3056 or 03571 g. of substance) 
used for the potassium determination, which is carried out as described 
on p. 401. 

* 2. Perchloric acid method, * 13-4525 g. of carnallite or rock kieserite, 

• or 15*7218 g. of kainite, sylvite, or hartsalz, is dissolved by heating to 
boiling with 300 c c^ of water and 15 cx. of concentrated hjdrochloric 
acid in a 500 c.c. fla‘^k, and normal barium chloride solution (122 g. of 
BaCl2, 2HJ5O, 50 c.c of concentrated hydiochlor*x acid in *1000 cc.) 
added in slight exces?. The quantities required^are, for carnallite, about 
20 to 40 c,c., and for kainite, 65 to 80 c c After cooling, the contents of 
the flask are msMe up to the mar^ and filtered ^through a double, dry, 
pleated filter paper ab|ul 18 cm. in diameter. Twenty c.c. of the 
filtrate (0*5382 *or 0*6289 g. of substance) is treate’d with perchloric 
acid as ^escribed on p. 406. 

One mg. of potassium perc 1 hlora 4 e corresponds in this way tq^jO*i 
per cent, of potassium chloride of sulphate. • 

^ These factors arc based on the fesults of •prolonged expeilence at Stassfurt, an^ are in 
accOTd with the most accurate dat| obtaineef independently by other investigators. The pre- 
dpHate obtained is not pd.|e KgPtGlfi, as it retains some cpmbined water |which is»not given up, ^ 
f even on prolonged heating , on this account thel^acto^ are sAnew^t lower thaP would corre- 
spond to the actual atomic weight, 195^ j for plalmunv See also Ro^er, Chefn, AW, 1910, 

54. 
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Determination of Magnesium chloride} The magnesium chloride of 
carns^lite is easily extracted by alcohol, whilst that of kainite is wt dis- 
solved, A simple method for distinguishing between “ non-carnallitic ** 
crude salts and “ carnallitic salts is based on this difference. 

Ten g. of the finely ground crude salt is vigorously shaken for ten 
minutes in a 250 c.c. flask with 100 c.c of 96 per cent, alcohol, ‘and 10 or 
20 cc of the alcoholic filtrate titrated with N/io silver* nitrate solution. 
Those salts which contain more than 6 per cent, of chloriSe soluble in 
alcohol are classed as carnallitic,” and those containing 6 and less per* 
cent, as “ non-carnallitic.’* 

Determination of the Total Magnesium. The followiilg is a very 
accurate method, introduced by Precht,^ for the determination oL 
magnesium salts, and is applicable to kieserite: 10 g. of thc\ finely 
ground crude salt is boiled for not less than one ‘hour in ^a 500 c.c. 
flask about two-thirds fille’d with water; after cooling, a measured 
volume (50-60 c.c.) of 2 uV potassium hydroxide is added, and, if much 
calcium is present, 20 cc. of a neutral solution of potassium oxalate 
(i : 10). The flask is then filled up to the mark, and the solution 
filtered after standing a quarter of an hour. Fifty c.c. of the filtrate is 
then titrated back with A^jio sulphuric acid. An empirical correction 
of I 2 per cent, must be added to the content of magnesium sulphate « 
found. 

Volumetric determination of the Sulphuric add. The method worked 
out by Wolf Muller,^'^ first alone, and later in collaboration with K. Durkes,* 
for the titration of sulphuric acid by means of benzidine hydrochloride, 
may be used with advantage in the examination of potassium salts. 
The determinations are trustworthy, and' are quickly and easily carried 
out {cf Vol. I., p. 374). 

Complete Analysis tjii Crude Saints 

One hundred g. of the sample is dissolved /n about 500 c.c. of 
water, the solution filtered, and the filtrate and washings diluted to 
I litre One portion of the solutfcn is set aside for Khe determina- 
tion of the sulphuric acid, and another pjortion for that of the 
calcium and magnesium. For the determination of the chlorides of 
the alkalis, «i6o c'c. of the solution (=10 g. of d'ubstance) is pcidified 
wijh hydrochloric acid, heated to ^boiling, and the sulphates completely 
precipitated in a 500 c.c. flask with balium chloride, avoiding an excess 
of the precipitant. ’ The soluti/;)n is diluted to the mark and 50 c.c. 
(=:i*g. of substance) eyapor^atbd to^dkyness to drive off the hydro- 
chloric acid, and t^e magnesium chloride then deccjliposcd 'oy igniting 

* * * r- • 

^ g. anal 1879, 18, 438. « ' 2 Ihd, 

® 1^02, 35, 1587.^ ‘ Z, anal. 1903, 42, 477. 
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with oxalic acid. After ignition, the residue, is moistened with a small 
quantity of ammonium carbonate to convert the calcium oxide formed 
into carbonate. I'he chlorides of the alkalis are dissolved out by water 
from the calcium and magnesium carbonates, the solution is filtered, 
and the filtrate evaporated and the residue weighed. The potassium 
chloride In the mixed chlorides is then determined either by platinic 
chloride or hy perchloric acid in the usual way. The weight of mixed 
chlorides, less the amount of potassium chloride, gives the content of 
sodium chloride. The constituents of the crude salts insoluble in water 
are detern*iyjed by treating lo g. of the salt with hot water, and filtering 
off the insoluble matter on to a tared filter paper, which is then dried at 
'loo° and weighed. For the determination of water, lo g. is weighed 
into a platinum crucible, covered with a weighed quantity of ignited 
lead oxide, and heated with the lid on for ten minutes over a small 
flame to a dull red heat ; the loss after ignition gives the water content. 
Or lo g. is iginited, the loss determined, the ignited mass dissolved in 
water, and the dissolved chlorine determined volumctrically, in order 
to find how much magnesium chloride was decomposed by the ignition. 
The difference between the chlorine content before and after ignition, 
allowing for the gain in oxygen, is deducted from the loss on ignition ; 
the remainder of the loss is water. 

In kainite, the proportion of the salts is calculated by subtracting, 
from the total quantity of soluble sulphuric acid, the amount of sulphuric 
acid corresponding to* the calcium found. The remaining sulphuric acid 
is divided into two equal parts, and calculated to potassium sulphate 
^nd magnesium sulphate in the molecular proportions in which these 
salts are present in kainite and in piciomerite respectively. The 
magnesium not combined as sulphate is calculated as chloride, and 
any remaining potassium is taken as potassium chloride. These 
calculations indicate on the one hand how much potassium is 
present as kainite (K2SO4.MgSO4.MgCl2.6H2O)* and as [iicromerife 
(K2SO4. MgSOi.drtgO), and on the other har-d how much is present as 
potassium chloride. Any sodium present is reckoned as sodium chloride. 
In hartsalz, in which the water content (up to 5 per cent ) amounts to only 
about one-third of thal in kainite, the potassium is reckoned as chloride. 
If langbeinite (K2SP4, 2MgS04) present as ^an jmpyrity, the mag- 
nesiun/ and any calcium are calculated as sulphates, and anj? excess of 
sulphuric acid as pot .ssium sulgftati!. In dealing with the examir^ation 
and recognition of complicated mixtures 'Sf salts,, the determination of 
t^je individual constituents do^s not sqffipe. The amount of magnesium 
chloride <5pluble i^n alcohi)! must*then be determined, and the content of 
carnallite deduced thcreVrom, ancf ♦a sap&ration of Ihe constituents by 
means of specific gravity ‘ijuTst also tfg made. * If, the inclividual con- 
stituents in the salts of different specific, gravity arq then detefmined, 
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the composition of the origrinal mixture can be calculated from that of 
the different salts. The separation by means of specific gra^ty is 
carried out by mixing the finely ground mixture of salts with a solution 
of benzene and bromoform, so proportioned that the whole of the salts 
sink to the bottom of the vessel ; by gradually increasing the specific 
gravity of the liquid by the addition of bromoform, the; lighter" particles 
rise successively to the top and can be collected. 


B. Intermediate Products of Manufactub^^ 

The examination of the intermediate products, liquors, residuals, etc,* 
arising in the working up of the crude salts into concentrated potsussium 
salts, is carried out by the methods described above 'for the crude\salts. 
Should these products conta'in but little potassium and much soidium 
chloride, Finkener’s method of separation may be used with advantage. 
The solution containing the potassium salts is treated, without previous 
separation of sulphates, with only just sufficient platinic chloride to 
precipitate the potassium ; after washing the evaporated residue, the 
potassium platinichloride is reduced and weighed as platinum. 


C. Manufactured Products 

I. Potassium Chloride. 

Determination of Potassium, i. Platimim method. 7-640 g. of the 
finely ground sample is dissolved and made up to 500 c.c. In salts 
containing more than 0-5 per cent, of sulphuric acid (SO3), the previous 
conversion of the sulphates into the corresponding chlorides by means 
of barium chloride containing hydrochloric acid is necessary. Twenty 
cc. ( = 0-3^56 g. of the salt) of the solution or filtrate is then evaporated 
with 5 c.c. of platinic chloride solution. The evaporation may be con- 
tinued fo dryness without risk ; this treatment differs from that of the 
crude salts, since, together with the potassium platinichloride, which 
constitutes the bulk of the residue, only sodfmm platinichloride is 
present, which^is ipore readily dissolved by alcohol when dehydrated. 

The f&rther treatment of the residue is carried out as delicribed 
for ^e crude salts. The*uce dT Mot alcohol for washing is also 

strongly' advocated this fcist^nce. One mg. of potassium platini- 
chloride corresponds toco-i pqrV^ei'rt. of potassium chloride. ^ 

Perchloric acid method, 13-455 g. of the finely ground example is 
dissolved in*water/3 to 4. ore.* of barTium chloride stilution containing 
hydrochlojric*^acid ^p. ‘417) adcjbd, and whole then made up to 

500 C.C. * To 20 cc. (==o-^3'^2 g. of the salt) of the filtrate is added 



MANUPACTUEED PRODUCTS 


415 


one and a half times the quantity of perchloric acid necessary for the 
decomposition of all the salts, the solution evaporated on the water- 
bath, and the residues treated as described under Crude Salts ” One 
mg of potassium perchlorate corresponds to o i per cent of potassium 
^chloride. 

Detcf 77 mmtwn of the SodiU777 chloride in high peicciitage Poiasstum 
chloride. The following method for the determination of the sodium 
chloride should only be used in dealing with 95 to 99 per cent potassium 
chloride It Is a modification of the method recommended by Rottger 
and Precht^and depends on the solubility of sodium chloride in alcohol 
being greater than that of potassium chloride The solubilities are as 
follows : — 

At 15!, 100 paHs of cilcohol of — 

90 I cr cent 'V ler ou t » > per cent by wdolit 

dissolve ^ o 345 o 223 o 146 parts of sodium chloride 

and 0073 0043 0028 parts of potassium chloride. 

According to the Rottger-Precht method, 20 g. of the finely ground 
potassium chloride IS vigoiously shaken for half an hour in a 100 cc. 
flask with about 80 c c of 90 per cent alcohol (or a sufficient quantity 
to dissolve the whole of the sodium chloiide present) Any magnesium 
salts present are piecipitated by the addition ofo5ccofaio per cent, 
potassium carbonate -solution, the whole again vigorously shaken and 
made up to the mark with 90 per cent alcohol Fifty cc (=10 g. of 
the salt) IS evaporated to dryness in a platinum dish, gently ignited, 
and weighed , the potassium chloride is determined in the residue, and 
the sodium chloride present in the original salt estimated by difference. 

In Older to obviate the piolonged shaking of the salt with 90 per 
cent, alcohol and to. bring about rapid solution of the sodium chloride, 
the following proceduie is adopted in the laboratories of th« German 
Potash Syndicate 

12 5 g of potassium chlori(^e is dissolved in a 250 cc flask by 
boiling with 25 ^cc of water in wl^ich about 90 mg of potassium carbon- 
ate is dissolv'^d A ledger excess of potassium carbonate may bring 
about a partial re-separation of the dissolved sodium chloride Absolute 
alcohol is added to the hot solution, the whole well mixed, m&de up to 
the mark, and shaken vigorously for^about one minute One hundred 
ex ( = 5 g. of salt) oi the filtesed "solution i-:^ evaporated to dryness in a 
platinum or porcelain dish, ^ter addition of a fev drops of concentrated 
hydrochloric acid to neutralise the dissolved potassium carbonate"* 'The 
residue is then gen\}y ignfted and w^ghedi Jn the mature of potassium ,, 
and sodium chlorides thus obtained, the potassium chlorWe is either 
J 1885, 18, 2076 , /. 60c, CAem, Ind,^ 1886, 5, 40. 
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determined by means of jplatinic chloride or perchloric acid and the 
sodium chloride taken by difference, or the total chlorine content is 
determined Yolumctrically by titration with Njio silver nitrate solution, 
and the amounts of potassium chloride and sodium chloride calculated. 

Determination of Magnesium chloride or of Mag 7 iesium salts in. 
Potassium chloride. For this purpose 25 g. of the salt is dissolved in 
a 500 c.c. flask and 10 cc. of 2N potassium hyc^roxide added. After 
filling up to the mark, shaking and filtering, 50 c.c. of the filtrate 
is titrated with Njio sulphuric acid. Any calcium compounds § 
remaining in solution do not influence the result. ^ t 

The precipitation of the magnesium salts by means of calcium 
saccharate, whereby magnesium oxide and not magnesium saccharats* 
is formed, may also be used for the determination. This method is 
adopted at the Salzbergwerk Neustassfurt. ThG procedure is as 
follows : — * 

Twenty-five g, of the salt is treated with 150 to eqo c.c. of water 
in a 250 cc. flask, 25 cc of a calcium saccharate solution of known 
strength added, the whole well shaken and diluted to 250 c.c. The 
bulky precipitate of magnesia is filtered off after a short time through 
a pleated filter paper, and 50 c.c of the filtrate titrated with M/jO 
sulphuric acid, using phenol phthalein as indicator. < 

The calcium saccharate solution is best prepared by adding 450 g. of 
calcium oxide and 450 g. of sugar to 7 litres of water ; after shaking 
vigorously for half an hour the liquid is allowed to stand for two 
to three weeks, then filtered, and a further 450 g. of sugar added. 
Access of air should be avoided both in the use and in the storage 
of the solution. 

Determination of Heater. This determination is carried out in the 
same manner as that described for the crude salts, except that the 
covering layer of lead oxide is only employed with salts rich in 
magnesium chloride. 

Determination of lufolublc ]\ latter. To estinlate the ingredients 
insoluble in water, 10 g. of potassium chloride is dissolved in hot 
water, and the residue c9llccted on a tgircd filter paper. * 

The determinations of Calcium and of Sulphuric acid are carried 
out by the ordinary methods. 

2. Potassium .Sulphate- 

Gemral consideration:^ the^ analysis ^of Potas shun salts containing 
a high percentage of Svlphates^ Iiit the dolermination of potassium in 
compounds containing a high percentage, of sulphates, ^ when tihe 
•potassium !s to Ije separated ^as jMatinichloHdc oft* perchloi^ate, the 
most Siflicuft part^ of the an^ysis lies;; jn the precipitation of the 
sulphurtc acid by means ofT^arium chloride. In the' platinum method, 
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a small amount (about 0-5 per cent of SO3) of unprecipitated sulphate 
does»not matter, since, as stated above, an’ excess of barium chloride 
is to be avoided 4 t all costs on account of the decomposition of barium 
platinichloride by alcohol. On the other hand, a small excess of barium 
chloride does not influence the result v^hen the perchloric acid method 
is employed. If the instructions given below are carefully carried out, 
an easy and completp separation of the sulphuric acid is effected and 
accurate results are obtained. In order to prevent the possibility 
of the barium sulphate carrying down any potassium, the precipitation 
is effected in strong hydrochloric acid solution (122 g BaCl2, sllgO, 
with 50 c? concentrated hydrochloric acid, diluted to 1000 cc); the 
barium chloride must be free from potassium salts as impurities. In 
the laboratory of the ‘‘ Konsolidierte Alkaliwerke zu Westeregeln,” the 
conversion of the' sulphates in the crude salts into the corresponding 
chlorides is carried out in neutral solution* as follows : 10 g. of carnallite 
with about 150 cc of water is heated to boiling in a 250 cc flask and 
precipitated with a neutral solution of 127 g BaCl2, 2H2O in i litre 
(i cc. = 50 mg SO J, which is run in fiom a burette. The advantage 
of using this neutral solution is, that complete precipitation of the 
sulphuric acid is shown by the appearance of the steam bubbles, 
which remain transparent until the precipitation is complete and 
then suddenly become opaque. As a precaution, a few more drops 
of barium chloride solution are then added. After cooling, the flask 
is filled up to the mark The errors arising from ignoring the volume 
of the barium sulphate and from the precipitation being effected in 
neutral solution compensate one another. 

Morris,^ who bases his* procedure on the work of Allen and 
Johnston (Vol I., p. 371), gives the following directions for the removal 
of sulphate in such a way as to avoid loss of potassium : The solution 
should be neutral, and either contain i to 1.5 per cent, of total 
potassium an*d*Sodium salts, or, if much sulphate is present,'be diluted 
so that not much ofer 2 g of barium sulphat^ is obtained per 100 cc. 
of the solution. The volume of the solution should be from 40 to 
80 c.c. ; hydrdbhloric acid, in amount equal to,a ninth of the volume of 
the solution, i^ addet^ the liquid heated to boiling, and the sulphate 
precipitated by pouring in barium chloride solution in slight excess. 
After «6ettling, the precipitate is filtered off arid well washed, ignited 
wet, boiled for ten minutes with-^^ctfcc. qf^water containing a fev^drops 
of hydrochloric arid, filtered of/ and vijash^d once : the filtrate ^is added 
to the main filtrate for the^deterniiinatiion of pcstassium as perchlorate. 

• Detenninatiou of rot^z.ssmm.* i. PlattnuN^ 7 nethod, 8-9275 g.-^of the 
finely g^round sample dissolved by boiling in 3*50 c.c. of water and 
20 c.c. of concentrated hydrochloric acid, in a *500 c.c. ffask. ■'Barium 

^ Analyst ^ 1923, 48, 250. 

' ) 
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chloride is then run into the boiling solution, drop by drop, from a 
stoppeired burette. From the composition of the potassium salt lander 
analysis the ^imount of barium chloride required for ^ the precipitation 
of the sulphuric acid is approximately calculated beforehand, so that 
the greater part of the barium chloride can be added without testing. ^ 
The final additions are made carefully, and the solution tested from 
time to time to see how far the precipitation jidis proceeded. The 
complete precipitation of the sulphuric acid is most sharply recognised 
by adding a crystal of barium chloride to the clear, settled solution 
and noting whether any milkiness is pioduccd. Should a ttace of 
sulphuric acid still be present, the crystal produces a distincfcloi|diness 
which spreads gradually throughout the solution from top to bWtom?^ 
Any slight excess of barium chloride is removed by the addition of 
a few drops of sulphuric acid. When the precipittition is roniplete 
and the solution cold, the flask is filled up to the mark and 20 c.c. 
(= 0*3571 g. of the salt) of the filtered solution treated as usual with 
5 c.c. of platinic chloride solution (i ; 10). One mg of potassium 
platinic chloride corresponds to o i per cent, of potassium sulphate. 
To the amount of potassium sulphate found, 0*3 per cent, must be 
added in the case of potassium sulphate (90 to 97 per cent); no 
correction is necessary with potassium magnesium sulphate. 

2. Pcrchlonc and victJiod. 157225 g of the salt is dissolved by 
boiling in 700 cc of water and 30 c.c. of concentrated h}drochloric 
acid in a litre flask ; a 500 cc. flask is not sufificiei?tly laige, on account 
of the bulk of the barium sulphate precipitate. The further manipulation 
is the same as given above, with the exception that a small excess of 
barium chloride may be employed, and 40 c.c. of the filtrate ( = 0*6289 g. 
of the salt) is evaporated with the necessary quantity of perchloric 
acid. One mg. of potassium perchlorate corresponds to o i per cent, 
of potassium sulphate. To the content of potassium sulphate found, 
03 per cent, must be added, as above. 

The less important ^constituents of the potlassium sulphate or 
potassium magnesium sulphate (magnesium, calcium, sodium, sulphuric 
acid, chlorine, water, and insoluble matter) are determined by the usual 
methods. 7 

3. Potassium Salt Manures. 

The analysis of potassium salt manures does not differ essentially 
from ihat of potassium sulphate. According to whether the potassium 
content is to be expressed as potassium chlorid^f or as sulphate, 
15*280 g. (if as chloride) or i/*855 g. (iF as sulphate) of the salt 
is taken if the potassium is estimated as nlatinichloride., Should 
^he perchlortc acief method?^ be preferred, the quaiitities taken are 
correspondingly altered. The *'potassiu»n: salt manures frequently 
contairt' a large amount of mat;ter insoluble in hydrochloric acid, which 
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renders the end-point in the precipitation of the sulphuric acid difficult 
to recognise ; it is then advisable to filter the hydrochloric acid solution 
before precipitatmg. The procedure, using the platinum method, is 
then as follows: — 

. 15280 g. or 1785s g. of the sample is dissolved in water with 

addition* of 10 c*c. of concentrated hydrochloric acid in a 500 cc. flask, 
diluted to tlje 500 c.Cf mark, shaken, filtered, and 250 cc ( = 7*640 g. or 
8-9275 g. of the salt) of the filtrate piccipitated with barium chloride, 
as usual, in a 500 cc. flask, made up to 500 cc, shaken, filtered, and 
20 c.c. of filtrate evaporated with 6 cc of platinic chloride solution 
(i : 10). No addition to the content of potassium chloride or sulphate 
round is necessary. 

The determination of the remaining constituents is cairied out by 
any of the above m^ethods. In the determination of moisture a possible 
high content of magnesium chloride must be borne in mind. 


II— NITRE 

A. Rvw Matiriais 

I, Chili Saltpetre. 

The methods of analysis aie given in Vol I , p 471 ct seq 

2 Potassium Chloride. 

The potassium chloride used for the preparation of nitie contains 
at least 80 per cent of potassium chloride and not more magnesium 
salts than correspond to o 5 per cent of magnesium chloride. For the 
methods of analysis, see p 414 seq 

9 

B. iNriRMLDI'VTE ]’ROI)l?CTS 

• ^ 

The analytical methods of e^camination fcjr the solid, intermediate 
products of the semi-iefined nitie are the same as those applied *to 
Chili saltpetre. The foreign matetlals, water, insolijble matter, sodium 
chloride, and sulphates (seldorQ present, or only in traces) are Estimated, 
and the difference taken as potas&iu^ nitr^rte, ^ 

The analysis o?the saltpcrtre liquor^? is jomeul”\^t more de*taried, and 
primarily demands a deteirminatiDn ®f^ the n«utrality of the liquors, 
2. whether they contain^ an exc*ess of sodium nitrate or of pot^bsium 
chloridi. This ndbessitates an eslimatjofi *0^ the p^tassiufti and of the, 
nitric acid. determtned by accurately jprjcipitating 

the sulphuric aci<? in 20 c.c. of the liquor ^in a 250 c.c. flask bj^ means 
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of barium chloride, filling to the mark, and evaporating lo c.c. of the 
filtrate with the requisite quantity of platinic chloride or of perchloric 
acid. The potassium found is calculated to potassiurri nitrate. 

The 7 nl)ic aad is estimated by any of the usual methods {cf, Vol. I., 
p. 473 it ^cq)y and is calculated to potassium nitrate. From the, 
amounts of potassium and nitric acid found it is eas^y to determine 
whether the liquors contain an excess of sodium ivtrate or pf potassium 
chloride 

The determination of todine in the liquors is carried out by first 
adding 20 cc of carbon disulphide to 20 cc of the Uquor in a 
separating funnel of about 200 to 250 c c capacity, and then a small 
quantity of fuming nitric acid or of sulphuric acid to set free th^T 
iodine; this is exti acted by shaking up with the carbon disulphide, 
which is separated, washed with water in a second ^separatii>g ftinnel, 
and then titrated with jV/io sodium thiosulphate Or the iodine in 
20 cc of the liquor is precipitated by copper sulphate and sulphur 
dioxide as cuprous iodide, the precipitate washed with hot water, and 
the iodine determined by ferric ammonium alum and sulphuric acid 

The waste salt (sodium chloride) arising from the interaction of 
Chili saltpetre and potassium chloride retains some i to 3 per cent, 
of undecomposed potassium chloride and small quantities of potassium 
nitrate (025 to 075 per cent), which are not removed by further 
washing The potassium is determined in the usual manner by means 
of platinic chloride or perchloric acid. P'or the 'determination of the 
nitric acid, 50 g of the waste salt is dissolved and made up to 500 c c , 
and 50 c c. of the solution ( = 5 g of the salt) used for the determination. 


C. Final Product (Nitr>) 

The refined nitrd should be free from all impurities' except a small 
proportion of chloride < The content of sodium ** chloride is usually 
guaranteed less than 0003 per cept* The moisture should not be 
above o 25 per cent « * ^ 

The nitre is tested as follows * — *■ 

Moistme ^ ,Ten.g qf nitre is dried at 120° to 1^0° for two hours. 
Chlorine, One hundred g of nitre,, is dissolved in watef, silver 
nitrate added, and the precipitate either weighed or the cloudiness 
compared with that; produced jon precipitating a^ standard sodium 
chloride solution with silver njtfp.te« using nephelqmeter. 

Insoluble inipuriticsy sulphates^ calcium^ an^l magnei^ium pre deter- 
•mined by tile usu^l methods f i^diimh with pdtassiu(n metantihionate. 
Not less tjaan 100 g;^ of nitre is tdken for qfu:h determihation. 

Ally* small content of Perclilorate (guaranteed as ffom 01 to o 5 per 
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cent, at the maximum) is determined according to one of the methods 
given under Chili saltpetre (Vol I., p. 484). * # 

Potassmvi chihrate. Ten g. of the finely ground nitre i^ stirred with 
20 to 25 C.C. of pure concentrated sulphuric acid in a porcelain dish 
, cooled with water. The acid should remain absolutely colourless and 
show nd yellow^ coloration. 

Iodine. ^Small qu^intities of iodine compounds which may sometimes 
be present, are recognised by the so-called vapour test Three g. of 
the substance to be tested is placed in a dry, perfectly clean test-tube, 
14 to 15 mm. in diameter and 135 to 140 mm. long. Any substance 
sticking to the walls of the tube must be removed as completely as 
possible by a spill of filter paper. The test-tube is closed by a rubber 
stopper with one hole, through v/hich a glass rod is inserted, fitted at 
the end with a hcibk of platinum wire. A strip of filter paper 2 cm. 
long by I cm. broad, the upper half of wfiich is moistened with a solu- 
tion of one part of chemically pure glycerine in one part of water, is 
attached to the hook, and suspended so that the bottom edge is 
40 mm. above the substance. The test-tube is then placed in a water- 
bath at 71' to 72°; the temperature must be kept constant during the 
whole of the expeiiment. The test is finished after the recognised time 
of heating is completed, or after the characteristic coloration of the test 
paper has appeared, a faint yellow mark at the junction of the dry and 
moistened portions of the paper. On allowing the test-tube to remain 
longer in the wate»-bath, the faint yellow colour passes gradually 
through brown to a deep brown. Care must be taken to keep the 
water-bath filled above the level of the paper. 


III.— POTASSIUM CARBONATE 
* A. Raw Matlkialj 

I. Potassiam Chloride. ‘ 

Potassium chloride from beet ashes contains fairly large quantities 
of sulphate and some carbonate. * The potassium, chl4)rine, sulphuric 
acid, aAid alkalinity are detcjynincd and the quantities of fhe several 
constituents calculated from theSe €eterinlnations. ^ 

In sulphate recovered from beet^ash^s, whieja contains potassium 
chloride and potassium ani sodium c<frbonatesf the several constituents 
are deteijuined in a sijnilar rnanner by determining the totar alkali, 
sulphufic acid, cMorine* and pofassiujn? •"fhe chlt>rine ^d sulphuric 
acid are calculattfd to pota$:^um chldHde and Sulphate, flie^ potassium 

^ C /. ante , p. 4^.' 
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contained in these salts deducted from the total potassium, and the 
remaining potassium takeh as potassium carbonate; the diligence 
between the filkali corresponding to the potassium carbonate and the 
total alkali is calculated as sodium carbonate. 

2. Beet Ashes. 

♦ t 

On account of the deliquescence of beet ashes, the sample is ground 
in a warm mortar. 

Moisture. Six to lo g of the powdered sample is placed between 
a previously weighed pair of ground watch-glasses, the ^sses with 
sample accurately weighed, and dried at 140° till constant. \ <— 

Insoluble matter. For the determination of the matter insoluble in 
water and the inorganic residue left after lixiviatlon, 20 g of the 
powdered substance is weighed quickly but accurately on a clock-glass, 
transferred carefully into a large beaker or deep porcelain dish con- 
taining 150 cc. of hot water, boiled and kept hot for fifteen minutes 
with continual agitation. The solution is filtered hot into a 500 c.c. 
flask, through a filter paper previously dried at 120° and weighed. 
A further 120 cc of boiling water is added to the residue, the whole 
again boiled and the solution decanted through the filter paper. The 
residue is then brought on to the paper, washed with boiling water 
till the total filtrate and washings are nearly up to the 500 c c. mark 
of the flask, or till the filtrate commences to run through milky; the 
residue and paper are dried at 120°, placed between the ground clock- 
glasses whilst hot, allowed to cool in a desiccator, and weighed. The 
gain in weight gives the total matter insoluble in water. After weigh- 
ing, the residue is detached from the paper and gently ignited in a 
large platinum dish till all the carbonaceous matter is completely 
ashed ; the filter paper is ignited apart in the same -dish The residue 
remaining <n the dish is the inorganic lixiviation residue' and the loss 
on ignition the organic matter. 

The cooled filtrate (the beet ash solution) is made up to exactly 500 c c. 
with distilled water, and jerves for the .subsequent deternSinations. 

'Alkali salts. Twenty-five c c. of the solution | corresponding to i g. 
of beet ashes) is pipetted off into euch of four small porcelain dishes 
and each \tei^hed, together with a small glass rod.' The solutions are 
evaporated to dryness on tho \^ater»ba,th, being stirred continually with 
the glasrf r6ds, the dishes covj-red^with p'reviously warmed watch-glasses, 
ignited over a free flamq, allowed to.cool in«a desiccator, and weighed. 
The ificrease in weight gives' the total' alkali, the mean of the four 
determinations beiiig taken ,a£ the jesult. The resifriues so' obtained 
are usdd for 'determining the akalinity, .tj?^ potassium chloride, and 
the total potassium.' 
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Alkalinity and Potassium chloride. The contents of one of the dishes 
(= i»g. of beet ashes) are dissolved in cold water, washed into aibeaker, 
and titrated witlf normal nitric acid, using methyl orange^ as indicator. 
The number of cc. used multiplied by 6-910 gives the percentage 
, alkalinity, expressed as Kj^CO^. 

Thef neutraHsed solution is heated to boiling to drive off any hydro- 
cyanic acid^ and aft^r cooling titrated with iV/io silver nitrate, a few 
drops of potassium chromate being added as indicator. The number 
ofc.c. of silver nitrate used multiplied by 0-7460 gives the percentage of 
KCl, and multiplied by 0-6910 the corresponding percentage of K^CO^. 

Potassium sulphate and Potassium sulphide, {li) Total Potassium 
sulphate (from the total sulphur content). Twenty-five c.c. of the 
filtrate from the '‘insoluble matter” (i g. beet ashes) is diluted in a 
beaker uith abouf 75 cc. of water, excess of bromine water added, and 
the solution heated and kept boiling for about a quarter of an hour. 
The solution should contain excess of bromine after boiling. After 
saturating with hydrochloric acid and heating till the smell of bromine 
has completely disappeared, baiium chloride solution, previously brought 
to boiling in a test-tube, is added. The number of mg of BaS04 0-7468 
gives the percentage of K^SOj (the total sulphur compounds calculated 
as K,S04), and the mg. BaS04XO 5924 the coircsponding percentage 
of k“C03 

{b) Potassium sulphate. The sulphuric acid in 25 c.c. of the solution 
from the " insoluble* matter ” (corresponding to i g. of beet ashes) is 
precipitated in the usual way (without previous addition of biomine), 
^after addition of hydrochloric acid. The mg. BaSO^x 07468 gives 
the percentage of K3SO4 as such in the beet ashes, and the mg. 
BaS04X 05924 the percentage of K^CO^ corresponding to the 
K2SO4. 

{c) Calculation * of the Potassium sulphide The mg. of BaS04 
found under \lf) subtracted from those found under (^^) multiplied by 
0-4727 gives the } 5 crcentage of K2S, and yiultiplied by o 5924 the 
corresponding percentage of K7CO3 

Potassiun^ phosphate. Two hundred and l^fty c.c. of the filtrate from 
the “insoluble matter*” (= 10 g, of beet ashes) is acidified with nftric 
acid, and after addition of 10 g. df ammonium nitrate the pho.sphoric 
acid is precipitated by me^tns of ammonium nitro-mbl)fbdate and 
weighed as magnesium pyrophosphate.^ The mg. of MggPgO^xo 1908 
gives the percentage of K3SO4, and the |)ercentage of K3?0*4X 0-9765 
the corresponding percentiige of KgCO^. * 

Potassium carbonate^ The Ignited residue in one of the ^(Jrcelain 
dishes*from the*%alkairsalts” deft^rminatipy (containing the alkali salt;? 
frjnj I g. of bee^ ashes) i? jiroshed wkh hot water into a* 100 cf.c. flask, 
acidified with hydrochloric*acid, and precipitated with barfum* chloride so 
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as to leave a small amount of potassium sulphate unprecipitated, thus 
makings sure of the filtrate lieing free from barium. After the addition 
of the bariunj chloride, and boiling for five minutes, the precipitate is 
allowed to settle for at least three hours. The contents of the flask are 
then made up to the mark, well mixed by shaking, and filtered through , 
a dry filter paper. Twenty cc. of the filtrate ( = o 2 g of beet ashes) is 
evaporated in a porcelain dish with 10 cc. of a ,to per cent, platinic 
chloride solution, and treated as usual. The number of mg. of 
KgPtClg found X 01416 (or, if the perchlorate method is used, the 
number of mg. of KCIO4 multiplied by o 4987) gives the jgercqntage 
of total K^CO^. From this value the percentages of K^CO^ correspond- 
ing to the KCl, total KoSOj and have to be deducted. \ Th«^ 

difference is the actual percentage of K^COg contained in the beet 
ashes. ^ 

Calculation of the Sodium caibonatc The percentage of K^COg, KCl, 
total K2SO4 (not K^SO^ + K^S, since in the weighed calcined alkali salts 
the K^S is already converted into K^SOJ, and K^PO^ are added 
together, and the sum (the percentage of all the potassium salts) so 
obtained is deducted from the percentage of alkali salts obtained in the 
determination of the ** alkali salts,” as above The difference, alkali salts 
less potassium salts, gives the percentage of Na^CO^ 


P lMiKMir>i\TL Product^ 

Carbonated Liquors. 

The methods given under ‘‘Sodium carbonate,” Vol 1 , p 530, are 
applicable. 


C P'lTiAL Products and By-Products ‘ 

I. Potassiunf Carbonate (96 to 98 per cent.)- 

The sample to be exapiined is well piixed, and ground as quickly as 
pos'feible in a perfectly dry, preferably iron, mortar. It is then filled 
into dry bottles and] immediately coAed. The corks are best rendered 
air-tight bj hot paraffin wax, since even ^ealing-wa’x does not prevent 
the sample absorbing a little mpistute on long standing. 

Mots^r'e. Ten g.^of the ^saniple is ‘heated in av^atinum crucible 
till the weight is constant. . , , 

Inibluble matter. Tep g. of the c&r*bonat^e is dissolved in warm 
vater in a beaker, ^the insph-ible m^er filtered on ^o a srnaH filter 
paper, ^frashed with hot water, i^ited, andt jveighed. » Or the residue 
may be tollected on a weiglied filter paper and drifcd at 100”. 
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Potassium chloride. Two g., or in the case of a very pure sample 
lO g.^ is carefully neutralised in a beaker \vith nitric acid, a <^op of 
methyl orange being added to indicate neutrality, and titrated with 
N\\o silver nitrate, using potassium chromate as indicator. To obtain 
. a sharp end-reaction, the solution to be titrated should be just alkaline 
rather than acid. 

Potassium sidphat^c. Ten g. of the carbonate is dissolved in hydro- 
chloric acid* filtered, heated to boiling, and precipitated with barium 
chloride. 

Potassium silicate. Five g. of the sample is dissolved in water, 
filtered, the^filtiato acidified with hydrochloric acid and evaporated to 
''omplete dryness, with stining, in a platinum dish. The residue is 
taken up with hydrochloric acid and warmed, diluted with water, and 
the silic^ filtered off and determined in the u'^ual way. 

Total Alkali Five g of the potassium carbonate is accurately 
weighed, dissolved in a 500 cc flask, and the solution diluted to the 
mark. Twenty-five cc ( = 0-25 g) is titrated in the cold v/ith N\\o 
sulphuric acid, two drops of methyl orange (i g. of methyl orange in 1000 
c.c. of water) being added as indicator. The complete neutralisation is 
accurately recognised by adding the sulphuric acid drop by drop ; the 
end-reaction is reached when the solution begins to change from yellow 
to bright rose colour. The sulphuric acid is accuratel) standardised 
in a similar manner against chemically pure anhydrous potassium 
carbonate, • 

Sodium caibonate The ash is evaporated with hydrochloric acid 
and treated with barium chloride ; this converts the carbonates into 
the corresponding chloi ides. * The sodium chloride is then determined 
by the method given on p 415. 

Fresenius has.made use of the following methods to determine the 
sodium carbonate in the potassium carbonates (96 to 98 per cent, with 
0*11 per cent^NaXOJ produced at the SalzbcrgAvurk Neustassfurt : — • 

{(i) Fifty c c. of* the carbonate solution, corresponding to i g. o\ 
substance, is acidified with hydiochloric aci^, and the sulphuric acic 
present precijDitattd w ith the fafculatcd qua^ntity of barium “chloride 
The barium sulphate* is filtered off, washed, and the filtrate evapor- 
ated to dryness in a weighed platinam dish. The chlorides of the alkalij 
are waighed after gentle ignition. The potaSsium is^theit separatee 
as usual with platinic chloridef, tfee potassium platinichloride filtcrec 
off and washed, 4 he filtrate along v^ith.the washings evjfporSted tc 
dryness, the residue gen^y ignUed^in^a current of hydrogen anc 
extracted with w^ater. The solution tliiJs obtained is again treated witl 
platinit chloridelland a furthcr*^mall ^^lajitity of potassium platini 
chloride separated, The^iQUrate and* washings are again evaporated 
tlfS residue reduced, extracte*d with waler, the solution evaporated in i 
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platmtim dish, and the sodium chloride weighed, after gentle ignition. 
The S 4 ;)dium chloride is qdite free from barium salts. The puaity of 
the reagentg used should be ascertained by carr;^ing out a blank 
experiment. 

(d) Ten g. of potassium carbonate is dissolved in water, neutralised, 
with the calculated quantity of chemically pure tartaric acid and then an 
equal quantity of tartaric acid added, with stirring. Aftcr^standing for 
some time any separated potassium hydrogen tartrate is filtered off 
and completely washed vith a small quantity of cold water. The 
filtrate and washings are evaporated to a small bulk, any potkssium 
hydrogen tartrate separating on standing for a short time, nltcrcd off, 
washed with a little water, and the filtrate and washings evapraratoJ 
to dryness in a platinum dish The residue is gently ignited, dissolved 
in water to which a little hydrochloric acid has been aJUded, thcrsulphuric 
acid carefully precipitated with barium chloride, and the excess of barium 
removed by addition of ammonium carbonate The filjrate, together 
with washings, is evaporated in a platinum dish, the residue gently 
ignited, dissolved in water, the potassium separated with platinic 
chloride, and the sodium determined in the filtrate according to the 
method given under (a) 

In calculating the results it is assumed that the sulphuric acid, silica, 
and the chlorine aic combined with potassium, the sodium piesent being 
reckoned as sodium carbonate. The amount of potassium caibonate 
corresponding to the sodium carbonate and potassium silicate found 
is deducted from the total alkali, and the remainder calculated as 
potassium carbonate. 

To control the working conditions in the course of manufacture, the 
alkali in a potassium carbonate is determined directly by titrating 2 S g. 
with sulphuric acid. If a quick and accurate determination is desired, it 
is preferable to weigh out the required amount of -substance for each 
individual « Jetermination, rather than to make up onfe ^amount to a 
definite volume and measure off aliquot parts of 'Lhe solution for the 
estimation ; this method possesses alsp the advantage that the most 
suitable conditions of concentration, /jtc., for rapid working can be 
chbsen. 

2. Impure Potassium Carbonate^ Molasses Carbonate, and 

Beet Ash barbonate. 

• 

These carbonates contain, as »ruVe, potasf.ium phosphate in addition 
to thebo^nstituents mentioned above. The lattfr are determiijcd by the 
/nethods described* the p^ospliate 4 ^ an impbrtantftndication* of the 
origin 6f the tarbonater Other ^eonstituenfes* that ocebr are potassijjm 
hydroxide and various sulfftiur and cyanogen compounds; these are 
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determined by the methods given under beet ashes (p 422) and crude 
sodaJiquors (Vol I , p 527). ' 

Phosphotic add Five g of the sample is dissolved yi nitric acid, 
the solution filtered, warmed, and precipitated with ammonium 
, molybdate , the precipitate is then dissolved in ammonia, re- precipitated 
with mJgnesium mixture, filtered, ignited, and weighed as usual 

3. liydrated Potassium Carbonate. 

This is examined similarly to 96 to 98 per cent potassium carbonate 
{cf Q I, p ^24) 
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By R S. Morrit L, M A , Ph D , F.I C , and W E Wornum, B Sc., A.R C A.I C. 

(Messrs Mander Bios , Ltd , Wolverhampton) 

The inorganic or mineral colours comprise naturally oequrring 
substances and artificially prepared products \ 

The chemical and physical tests employed in their exai'nination, 
together serve to establish their genuineness and purity, and to 
determine the properties which are of value in their application. 

The examination of inorganic colours is considerably complicated 
by the imperfect and confused nomenclature that still obtains in the 
industry, both of the pigments themselves and also of the specification 
of the qualities dealt with. 

Apart from the composition of inorganic colours there are many 
technical properties of importance to the industries in which they are 
employed. They include the action of light, of moisture and climatic 
conditions, the colouring and the covering power, the transparency and 
miscibility, the action of vehicles including oils, water, spirit, etc These 
will be referred to in connection with several of the colours dealt with 
in the sequel. The actual methods employed in the examination oi 
these properties are extremely varied, and are essentially comparative 
in character ; they comprise a number of physical tests, details of which 
are given in several of the books included m the bibriogranhy appended 
to this sect’ion, and 'such obvious methods of examination and com- 
parison as the specific enquiry under investigation may demand. 

The Influence and Measurement of Particle Size in pigments has 
demanded considerable attention in recent years. The*^ measurement 
is carried out by tjiree main methods, viz : sc* eening, subsidence ir 
liquid media gnd ‘"he direct method of microscopical analysis. Ol 
these the method of screening is that at present adopted by the 
British, Engineering Standards, Associ^,tion and consists generally ir 
the following process ^ : — 

A suitable weighed quantity ot thC pigmeAt, previojisly crushed with 
a paleite knife, is thoroughly soaked in white spirit fB.S.S., No. 245), 

* * Abstracted ty permitsion of the' itfnt'sh Ebgineenng Standards Association, from B.S 
specifications. No. 245, official bopies of whicJfi can be obtaStned from the becretary, 28 
Street, i, price 2$, 2d. post free. 
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As much as possible of the pigment is then washed through a 
200 -mesh (Institution of Mining and Metallurgy) standard >screen 
with white spirit* and the residue remaining on the scre*cn is gently 
brushed with a soft camel-hair pencil and again washed with white 
^spirit. The final residue is dried in a water oven at and 

weighecf. 


I Naiurall\ orcuRKiNCi WiiiTi Aumitary Colours; 
Adultikams and Surstrafa 

The naturally occurring white minerals, with few exceptions, are not 
employed as body pigments foi painting, etc , since as oil colours they 
have not* usually the requited puiity of tone oi covering power. On 
the other hand, a few, such as chalk, gypsum, and infusorial earth are 
used to a lai^e extent for the preparation of groundw^ork in fresco 
painting, in the manufacture of wallpapers and distempers, for lacquer 
work, in colour printing, for paper staining, and as adulterants. The 
purest clays, such as kaolin (China clay, white bole), aie occasionally 
also used as pigments. Powdeicd heavy spar is employed extensively 
as a basis or adjunct in the preparation of mineral pigments. Native 
or, preferably, precipitated barium sulphate, in the form of pow^der, 
together with other white substances, ser\e foi the preparation of lake 
pigments from coal-tar dyes The detection of these additions and 
substrata in aitificially prepared mineral and organic pigments, and the 
determination of their purity and applicability, are earned out accord- 
ing to the usual analytical methods. Certain kinds of clay, belonging 
to the group of acid silicates, have recently been used as colour substrata 
for combining with basic coal-tar d^^es such as malachite green, brilliant 
green, and re^l and* blue basic colours, for the prepaiation of the lime 
greens, lime reds, lime blues, etc, used in limc-w&shing, in* the manu- 
facture of walloaoer. etc. fSee Lime Greens, o. 

Calcium Carbonate. 

(Ch^lk; Whiting.; English White , Spanish Whhe ;'«i’ari.^ White.) 

• 

The technically important r^qaireriTipMts of Paris White arc purity 
of tone and fineness of texture* Theicru^e quarjied chalk Is ^prepared 
for use as a pigrnent by^grindii*^ ander water, when the coloured 
and argillaceous impurip'es and the coarsci , material are for*tlTe most 
part eliminated \y levfgation. TJhe fiiestgkinds i^f levigated whiting 
(^J’aris Whitc5 are pure white anc> contain only about 1.5 ^er cent 
olimpurities insoluble in hydrochloric jaCid. The^ degree. oP fineness 
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of the powder can be tested by elutriation^ or by the process of 
Bcreen<'’ng as described above. 

The grey-coloured “ native chalks approach the marly limes and 
marls in composition, with argillaceous constituents up to 25 per cent 
The specific gravity of the various chalks is 2 2-2*5 Levigated chalk is, 
chiefly used in distempering, for the preparation of painting grounds, 
and in the manufacture of wallpapers. It is not used in oil painting, 
for when mixed with oil it possesses too little covering power, dries 
very slowly and sometimes incompletely, and loses its colour, turning 
a dirty grey. It is used as putty when mixed with about 18 per cent 
of linseed oil It tends to be alkaline in reaction and heiice i'^: is not 
safe to mix it with such pigments as prussian blue, chrome yellipw, etc. 

The following analyses may be taken to represent the '(typical 
composition." 


Cal( lum caibonatc 
Ferric o\ide and alumina 
Silica 
Water 

Magnesium caibonitc 


94 79 per cent 

303 

2 17 „ 


II. 

96 55 pei ( ent. 
020 „ 

0 90 „ 

03^ 

1 84 „ 


Analysis A qualitative examination is first made, the material 
should contain onl)^ small quantities of insoluble matter (siliceous), 
iron, aluminium, sulphur, water or magnesium 

Total Soluble Lime, 075 g of the pigment is weighed into a small 
crucible, ignited cautiously to dull redness to destroy organic matter, 
cooled, and transferred to a 400 cc beaker, using 20 cc. of water. 
Fifteen c.c of concentrated hydrochloric acid and 3 or 4 drops of 
concentrated nitric acid are added, the beaker is then covered, and 
the whole boiled until all the soluble matter is dissolved and the 
carbon diofcide expelled. The cover is then rinsed knd removed, 
and about 150 c.c. of frpshly boiled water added; dilute ammonia 
(sp gr. ^0*96) is then carefully added to the boiling liquid until a 
slight permanent piecipifate remains, ;when 10 c.c of 10 per cent, 
solution of ammonium oxalate is added, wi{}i stirring, until the 
oxides of iron and" aluminium are* completely dissolved and only a 
slight predipitate of calcium oxalate persists. A further 200 cc. of 
boiling water and sufficient obturated, ammonium oxalate (20-25 c.c.) 
is nex^ kdHed, and softer bcxling with*" stirring for a few moments, 
the precipitate is allow(?d to settle^ filtereti on an ii-cm, filter, and 

^ Klem and llulmc,/ Qilandiol 1920, 3, 177 , bchonffZ anaL^^he 1868, 

7f 29 I Lowry, / Qtl and Vol (^htm. 5, 92^ Klein and Papsh, 1924, 7 i 54 J 

1924, 7, 82 ; s%e alfo »926, 9, 192 and 252. • 

® Seef^jJlIey and Ladd, Analysts^} AUxed Faints^ eh , p. 95, 
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washed ten times with water in 10-15 cc. portions. The precipitate 
is the«i washed down with hot water into the beaker in which >it was 
originally formed, “"and dilute sulphuric acid (i 14) poured, through the 
pierced filter, which is washed a few times with water. A further 30 cc. 
^of acid is added, the liquid diluted to about 250 cc., heated to 90"^, and 
titrated ‘with standard potassium permanganate^ The temperature 
should not be below ^0° when the end-point is reached. The result is 
calculated to CaO and CaCO^ 

MtAed Calaiiin and Mag^iesinni Carbofiates'^ One g of the finely 
powdered sample is weighed into a small porcelain dish and 25 cc of 
Njl hydrochloric acid added, the dish being covered with a watch-glass. 
When effervescence has ceased the liquid is heated to boiling and, after 
cooling, titrated with Nji sodium hydroxide, using methyl orange as 
indicator^ As this* method is a measuie of the total alkalinity, the 
presence of calcium or magnesium in for'ms other than the carbonate 
would necessijiate a complete analysis in order to determine the 
percentage of CaCO^ and MgCO^ in the sample. 

Quicklime. 

In estimating the utility of lime as a colour and a binding medium 
in lime- washing and fiesco painting, analytical and physical tests are 
little used, as it is ordinal ily slaked at once and thereby partly purified. 
Nevertheless the chemical analysis of the law material is important, 
as its value is determined by the amount of argillaceous constituents, 
piagnesium carbonate (dolom^itic lime), silica, iron pyrites, and organic 
impurities piesent. The argillaceous constituents have less influence 
on the quality than any considerable quantity of magnesium carbonate, 
as in the slaking process they mostly sink to the bottom, whereas the 
burnt magnesia mixes with the lime and it then contains comparatively 
little plastic ancf dissolved calcium hydroxide, and >s rendered granulaV, 
thin,” and less bind^ing. Limestones containing a large amount of clay 
and, especially, of silica become d,ead burnt,” owing to the formation 
of calcium and alumirjium silicates, which arc decomposed only with 
difficulty or not at all. » Limes of this nature contain a comparatively 
large amount of “ cores ” or particles consisting pf qgiciiim silicates 
which (inly become slaked aftea* a considerable time ; these afe particu- 
larly objectionable when the lin?e 4 s u^^cd for fresco painting, as they 
may cause subseqtfent loosening of th^ la^jprs of iijaterial on*wliich the 
pijjture is painted. According to A. \y. Keim, *uch products aLo bring 
about chapgcs in certain^ pigments, such as ultramarine, on account of 
silicate Vormation^ 

^ Circular 4«i,^B£reau of StjS^aids, Wabhlngtpn 

^ See J. W. Mellor, QuanUtative Analysis ^ p. 522. 



432 


PAINTS AND PIGMENTS 


The slaking of lime certainly removes most of the objectionable 
matten, but at the same time a careful valuation of the lime is desirable. 
The chemical methods of estimating the value of lim’e by means of the 
calcimeter, and the technical methods of testing its setting properties, 
slaking capacity, etc., are described in the section on “ Calcareous 
Cements,'' Vol. III. 

' * 

Mixtures of dry slaked lime and casein find^an extensive market 

as a basis of the so-called *‘cold water distempers." On addition of 
water, the casein is slowly dissolved by the alkali with the formation 
of a calcium caseinate, whereby the subsequent film beconjies very 
hard, weather resisting, and insoluble in water. 

Gypsum. 

(Mineral White, Terra A?ba, Light Spar; Agalite ; Satin Spar.) 

Ground gypsum, or native gypsum containing 2 nvol. of water of 
crystallisation is the only form in which gypsum is used for cheapening 
artificially prepared inorganic pigments such as chiomc yellows, ultra- 
marines, Bremen blues, copper-arsenic colours, English reds, and natural 
mineral colours. Calcined gypsum cannot be used foi dilution, as it 
separates out It is used by paper stainers and makers of paper 
hangings in place of barytes because of its better body for that class 
of work. It is fairly soluble in water, about i part in 400-500, and 
more soluble in hydrochloric acid Gypsum is valued almost entirely 
according to its hue when in the foim of powder; it is seldom sub- 
mitted to further technical and anal>tical examination The methods 
of examination are as follows . ^ — 

Comlnned Water and Jl/ozstufe One g of the sample is heated in a 
covered basin porcelain crucible on an asbestos plateTor fifteen minutes, 
then the bottom of the crucible is heated to dull redness for ten minutes 
over a Bu»sen burner. The cover is removed and the hhating continued 
for thirty to forty minutes at a slightly lower tem{)crature. It is then 
weighed rapidly after cooling and reheated to constant weight. Com- 
bined water and moisture may also be detern^ined by heating in an 
air bath at 200° to constant weight « i 

Insoluble matter^ Two to 3 g. of the sample is boiled with 20 c.c. con- 
centrated*hydrochloric acid, a few drops pf nitric acid, and about 50 c.c. 
of water; after evapoi ating lev drymesS, the residue is boiled repeatedly 
with io‘ per cent hydrochlcjric iicid, dec<mting through a filter. The 
insoluble matter is washed w^th •hot ^waiter, ignited and weighted. 
The residue is then tested for tarium Sulphataand the filtrat^e from the 
tinsoluble matter cjiaminecj ^o** c}eter 405 ine if Al, Fe, 4 c Mg are ’'present 
in abn&rrnaramounts. ‘ A separate portiemt of the sa&iple is test^ 4 ^,for 
^ Standafds^ igiS, p. 647. 
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COg, which may, if desired, be determined as under ** Basic Carbonate 
of Laad ” (p. 440). The presence of gypsufn in pigments is detected 
by boiling with w^ter and examining the filtrate. 

Two samples of gypsum gave on analysis : — 



Cyimiiii 

Ton a Altu 

Water 

. 20' 10 

20*67 

Qilcium sulphate 

76 69 

76-52 

Silica and barium sulphate 

2*73 

. . . 

Silica 


O' 70 

Magnesia .... 

0-44 

^Mcle of lion and alumin.i 

. tiace 

0-67 

M.igncsiuin sulphate 

. ... 

1*36 

Undetei mined 


0 08 


As regards the*siiitability of gypsum for mixing with other colours 
nothing disadvantageous is known. Calcined gypsum is still some 
times used fo^* this purpose ; but the colours thicken when made uj 
with binding materials containing water. The presence of large 
quantities in Venetian reds is generally due to the action of calciuir 
carbonate on the ferrous sulphate during the ignition process in the 
manufacture of these pigments. 

Barytes. 

(Heavy Spar; Permanent White ; Mineral White; Barite; 

Precipifated Barium Sulphate; Blanc hixe) 

Common barytes consists of crushed heavy spar (BaSOJ, which ha; 
been levigated or water-floated to free it from coarser particles. Whei 
much impurity in the form of iron oxide is present, giving the baryte; 
a yellow or reddi.sh tint, it is bleached by treatment with hot dilute 
sulphuric or hydrochloric acid, the purified pioduct being subsequent!} 
washed and dtied.^ The colour of barytes should be carefully attendee 
to when buying, sii^ce the pigment is largely used in the dilution 01 
“ reduction ” of white lead, on account of its Idw oil absorption, Man> 
samples of ap^iarently pure colour Indicating freedom from iron*develo|: 
yellowness after rubbing with linseed oil an 3 allowing to stand for.ar 
hour or two, and this test is recommended when ‘a determination o 
iron is jaot considereti expedient. 

Blant Fixe, Permanent \Vhitc^ Process JV/itie, Constant White 
Precipitated Barium Sulpkatq aj^ife obtapied^ by precipitating .‘^oliiWons o 
barium salts (chloride), obtained 51s ljy-pFoducts*in various industries 
b^ sulphuric acid, sodium or’ magneii«in sulphates or potasl^ alum 
In order ’to obtVn thi precipitate as ^nely divided as ^possible thi 

Lowry, and L. C. /. Oi/ altd ( 0/ Chem,* Usoc., 1922^* 5, 82, 92 ; C. A 

Klein and W. IJuime.y! Otl and Col. i htm. wc, 1920, I 77 - . * » . 
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PAINTS AND PIGMENTS 

By R S MoRRri i , M A , Ph D , I I C , and W E Wornum, B Sc., A R q S , A.I C. 

(Messrs Mander Bios, Ltd, Wolverhampton) ^ 

Tlir inorganic or mineral colours comprise naturally o^currirTg 
substances and artificially prepared products 

The chemical and physical tests employed in their exai'niftation, 
together serve to establish theii genuineness and purity, and tc 
determine the properties which are of value in their application. 

The examination of inorganic colours is considerably complicated 
by the imperfect and confused nomenclatuie that still obtains in the 
industry, both of the pigments themselves and also of the specification 
of the qualities dealt with. 

Apart from the composition of inorganic colours there are many 
technical properties of importance to the industries in which they are 
employed. They include the action of light, of moisture and climatic 
conditions, the colouring and the covering pow er, the transparency and 
miscibility, the action of vehicles including oils, water, spirit, etc These 
will be referred to in connection with several of the colours dealt with 
in the sequel The actual methods employed in the examination o\ 
these properties are extremely varied, and are essentially comparative 
in character , they comprise a number of physical tests, details of which 
are given in several of the books included in the bibhogranhy appendec 
to this secCion, and Isuch obvious methods of examination and com- 
parison as the specific enquiry under investigation may demand 

T/ie Influe 7 ice and Measurement of Particle Size in pigments haf 
demanded considerable attention in recent years. The"^ measuremeni 
is carried out by tjiree main methods, viz • screening, subsidence ir 
liquid media j^nd the direct method of microscopical analysis. O: 
these the method of screening is tha^ at present adopted by the 
British^ Engineering Standai^ds As^ociq;tion and consists generally ir 
the following process \ : — c 

A suitable weighed q&antity^ofcth^ pigme^?it, previojisly crushed witl 
a palette knife, is thoroughly soaked in white spirit rBS.S.,*No. 245) 

• ^ Abstracted ty permasion of tke** Bnlfsh ^gineenng Standards Association, from B.S 
speafications, No 245, official bopies of whidfi can be obta^ntd from the Secretary, 28 
Street, S.JV« i* pnee 2s 2d post free. ^ 
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As much as possible of the pigment is then washed through a 
200-mesh (Institution of Mining and Metallurgy) standard -^screen 
with white spirit*and the residue remaining on the scre,en is gently 
brushed with a soft camel-hair pencil and again washed with white 
-spirit. The final residue is dried in a water oven at and 

weigheef ^ 


I Naiurally ckcukring Wihtl Au\iii\ry Colours; 

^ Aoultirams and Substrata 

* The naturally occurring white minerals, with few^ exceptions, arc not 
employed as body pigments foi painting, etc , since as oil colours they 
have nof usually the required purity of tone oi covering power. On 
the other hand, a few, such as chalk, gypsum, and infusoiial earth are 
used to a lai*ge extent foi the pieparation of groundwork in fresco 
painting, in the manufactuie of wallpapers and distempers, for lacquer 
work, in colour printing, for paper staining, and as adulterants. The 
purest clays, such as kaolin (China clay, white bole), are occasionally 
also used as pigments. Powdered heavy spar is employed extensively 
as a basis or adjunct in the preparation of mineral pigments Native 
or, preferably, precipitated barium sulphate, in the form of powder, 
together with other white substances, serve for the preparation of lake 
pigments from coal-lar dyes The detection of these additions and 
substrata in aitificially prcpaied mineral and organic pigments, and the 
determination of their purity and applicability, arc carried out accord- 
ing to the usual analytical methods Certain kinds of clay, belonging 
to the group of acid silicates, have recently been used as colour substrata 
for combining with basic coal-tar dyes such as malachite green, brilliant 
green, and re^l and* blue basic colours, for the pieparation of the lime 
greens, lime reds, lime blues, etc, used in lime-wdshing, in* the manu- 
facture of wallpaper, etc (See Lime Greens, p. 53^.) 

> 

Calcium Carbonate. 

(Chalk ; Whiting'#; English White , Spanish White ; •4^ari‘\ White.) 

• 

The technically important rfeqjirempiits of Paris White arc purity 
of tone and fineness of textare.* Thejcru^c quarjied chalk Is ‘prepared 
for use as a pigment byjgrindii^ ander water, when the coloured 
and argillaceous impurip'es ancf the coarser, material are for*tITe most 
part efiminated '*i)y levfgation. *Khe fifest , kinds t^f levigated w^hiting 
(^JParis White) are pur^j^white anc> contain only abouf L5 ^er cent, 
oixmpurities insbluble in hydrochloric ^aCid. The^ degree. o> fineness 



430 


PAINTS ANDr pigments 


of the powder can be tested by elutriation^ or by the process of 
screen^^'ng as described above. i 

The grey-coloured “ native chalks” approach the marly limes and 
marls in composition, with argillaceous constituents up to 25 per cent. 
The specific gravity of the various chalks is 2-2-2*S. Levigated chalk is 
chiefly used in distempering, for the preparation of painting grounds, 
and in the manufacture of wallpapers. It is not used in oil painting, 
for when mixed with oil it possesses too little covering power, dries 
very slowly and sometimes incompletely, and loses its colour, turning 
a dirty grey. It is used as putty when mixed with about 18 f^cr cent 
of linseed oil. It tends to be alkaline in reaction and hcncc ‘A is not 
safe to mix it with such pigments as prussian blue, chrome yellow, ek:. 

The following analyses may be taken to represent the typical 
composition.^ 

I 

Calcium caibonate . . 94 79 pet cent. 

Ferric oxide and alumina 
Silica .... 303 

Water . . . 2 17 „ 

Maj^nesium caibonate . 

Analysis A qualitative examination is first made, the material 
should contain only small quantities of insoluble matter (siliceous), 
iron, aluminium, sulphur, water or magnesium. 

Total Soluble Lime, o 75 g of the pigment is weighed into a small 
crucible, ignited cautiously to dull redness to destroy organic matter, 
cooled, and transferred to a 400 cc. beaker, using 20 cc. of water. 
Fifteen cc. of concentrated hydrochloric acid and 3 or 4 drops of 
concentrated nitric acid are added, the beaker is then covered, and 
the whole boiled until all the soluble matter is dissolved and the 
carbon dio^cide expelled. The cover is then rinsed knd removed, 
and about 150 c.c, of freshly boiled water added; dilute ammonia 
(sp. gr. 9O) is then carefully added to the boiling liquid until a 
slight permanent precipitate remains, ^when 10 c.c. of ^ 10 per cent 
solution of ammonium oxalate is added, wi^ stirring, until the 
oxides of iron and’ aluminium are* completely dissolved and only a 
slight pre<iipitate of calcium oxalate persists. A further 200 cc. of 
boiling water and sufficient €aJturatcd.‘ammonium oxalate (20-25 c.c.) 
is next SidSed, and ^fter boiling with^ stirring fon a few moments, 

the precipitate is allow^id to settle^ filtereoj on an ii-cm. filter, and 

^ 

^ ^ Klein and llulme,y 3, i77‘, Schon/'^, Z. //., 1868, 

7, 29; Lovry, / 4b/ and Vol Qhenu Assoc, 5, 92^ Klein and Papsh, 1924, 7 * S4 » 
1924, 7, 82 , ste also *926, 9, 192 and 252. « 

® SeeliSliey and Ludd, Analysts^o^ A^txed Fatnis^ eU,^ p. 95. 
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washed ten times with water in 10-15 cc. portions. The precipitate 
is the<a washed down with hot water into the beaker in which *iit was 
originally formed/and dilute sulphuric acid (1:4) poured » through the 
pierced filter, which is washed a few times with water. A further 30 c c. 
,of acid is added, the liquid diluted to about 250 cc., heated to 90'’, and 
titrated "with standard potassium permanganate.”^ The temperature 
should not be below ^0"* when the end-point is reached. The result is 
calculated to CaO and CaCO^ 

Mixed Cahiuvi and JHa^^nesinin Carbonates'^ One g of the finely 
powdered sample is weighed into a small porcelain dish and 25 c.c. of 
Ay I hydrochloric acid added, the dish being covered with a watch-glass. 
When effervescence has ceased the liquid is heated to boiling and, after 
cooling, titrated with N\\ sodium hydroxide, using methyl orange as 
indicator^ As this* method is a measure of the total alkalinity, the 
presence of calcium or magnesium in forbis other than the carbonate 
would necessitate a complete analysis in order to determine the 
percentage of CaCO^ and MgCO^ in the sample. 


Quicklime. 

In estimating the utility of lime as a colour and a binding medium 
in lime-washing and fresco painting, analytical and physical tests are 
little used, as it is ordinarily slaked at once and thereby partly purified. 
Nevertheless the chemical analysis of the raw material is important, 
as its value is determined by the amount of argillaceous constituents, 
jnagnesium carbonate (dolomitic lime), silica, iron pyrites, and organic 
impurities present. The argillaceous constituents have less influence 
on the quality than any considerable quantit) of magnesium carbonate, 
as in the slaking process they mostly sink to the bottom, whereas the 
burnt magnesia mixes with the lime and it then contains comparatively 
little plastic and dissolved calcium hydroxide, and >s rendered granulaV, 
** thin,” and less binding. Limestones containipg a large amount of clay 
and, especially, of silica become “ d,ead burnt,” owing to the formation 
of calcium and alumir^ium silicates, which arc decomposed only with 
difficulty or not at all. • Limes of this nature contain a comparatively 
large amount of “cores” or partfcles consisting of calcium silicates 
which Only become slaked after a considerable time ; these afe paiticu- 
larly objectionable when the Hide is u<5cd* for fresco painting, as they 
may cause subseqffent loosening of ih^ la}jprs of n^aterial on^wTneh the 
p^ture is painted , According to A. Vf. Keim, Much products also bring 
about changes in certain, pigments, such as ultramarine, on account of 
silicate Vormation^ ^ • 

1 CircuUr 4 e>i^reau of Stali/.1ards, Washingtpn 

^ See J. W. Melloi, QuanUiatne /tnaly^i^^ p. $22. 
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The slaking of lime certainly removes most of the objectionable 
matten, but at the same tiihe a careful valuation of the lime is desirable. 
The chemical methods of estimating the value of lim’e by means of the 
calcimeter, and the technical methods of testing its setting properties, 
slaking capacity, etc, aie described in the section on “Calcareous 
Cements,” Vol III 

Mixtures of dry slaked lime and casein find^an extensive market 
as a basis of the so-called “cold water distempers.” On addition of 
water, the casein is slowly dissolved by the alkali with the foimation 
of a calcium caseinate, whereby the subsequent film becoilnes very 
hard, weather rcsistincr. and insoluble in water. ^ 

Gypsum. 

(Mineral White, Terra A^’ba, Light Spar; Agalite , Satin Spar) 

Ground gypsum, or native g}psum containing 2 rqpl of water of 
crystallisation is the only form in which g>psum is used for cheapening 
artificially prepared inorganic pigments such as chiome yellows, ultra- 
marines, Bremen blues, copper-arsenic colours, English leds, and natural 
mineral colours Calcined gypsum cannot be used foi dilution, as it 
separates out It is used by paper staineis and makers of paper 
hangings in place of baiytcs because of its better body for that class 
of work It IS fairly soluble in v aler, about i part in 400-500, and 
more soluble in hydiochloric acid Gypsum is valued almost cntiiely 
according to its hue when in the form of powder, it is seldom sub- 
mitted to further technical and anal}tical examination The methods 
of examination are as follows ^ — 

CombtUid Watii and Moi^tuu One g of the sample is heated in a 
coveied basin porcelain crucible on an asbestos plate for fifteen minutes, 
then the bottom of the ciucible is heated to dull redness for ten minutes 
over a Bimsen burner The cover is removed and the hbating continued 
for thirty to forty minutfs at a slightly lower temj[)erature It is then 
weighed lapidly after cooling and rehqated to constant weight. Com- 
bined water and moistqre may also be deterrqined by heating in an 
air bath at 200 to constant w eight , 

Insoluble mattC 7 \ Two to 3 g of the sample is boiled with 20 c.c. con- 
centrated *hydrochloiic acid, a few drops pf nitric acid, and about 50 cc. 
of water , after evaporating Ic^drynesfe, the residue is boiled repeatedly 
with 10' per cent, hydrochlc^ic acid, aecdfnting through a filter. The 
insoluble matter is washed w^h *hot water, ignited and weighed. 
The rbsidue is then tested foi barium ^ulphatq and the filtrate from the 
rinsoluble matter e:{Lamined ^o* cjeterdiinc if Al, Fc, dr Mg are‘*present 
in abn&rrnaramounts. ‘ A separate portiorit of the safnple is testfjj^for 
^ A^S Slandatdh^ 1918, p, 647. 
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COg, which may, if desired, be determined as under “ Basic Carbonate 
of L^d ” (p. 440). The presence of gypsu/n in pigments is detected 
by boiling with w^ter and examining the filtrate. 

Two samples of gypsum gave on analysis : — 


Water 

Gypsum 

20-10 

Ton a Alba. 

20-67 

C^alcium sulf)hate . 

76 69 

7652 

Sihc a and baiium sulphate . 

2*73 

Silica 

0 70 

Magnesia .... 

044 

li\ide of lion and alumina 

tiace 

0 67 

Magnesium sulphate 

. 

1-36 

Undetci mined 

... 

0 08 


As regards llic*suitability of gypsum for mixing with other colours, 
nothing disadvantageous is known. Ca!cincd gypsum is still some- 
times used for this purpose; but the colours thicken when made up 
with binding materials containing water. The presence of large 
quantities in Venetian reds is generally due to the action of calcium 
carbonate on the ferrous sulphate during the ignition process in the 
manufacture of these pigments. 

Barytes. 

(Heavy Spar; Permanent White ; Mineral White ; Barite; 

Precipifated Barium Sulphate ; Blanc h'ixe ) 

Common barytes consists of crushed heavy spar (BaSOJ, which has 
been levigated or water-floatfcd to free it from coarser particles. When 
much impurity in the form of iron oxide is present, giving the barytes 
a yellow or reddish tint, it is bleached by treatment with hot dilute 
sulphuric or hydrochloric acid, the purified product being subsequently 
washed and dtied.^ The colour of barytes should be carefully attended 
to when buying, siix:e the pigment is largely used in the dilution or 
"reduction’^ of white lead, on account of its Idw oil absorption. Many 
samples of apparently pure colour Indicating freedom from iron*develop 
yellowness after rubbing with linseed oil an 3 allowing to stand for. an 
hour or two, and this test is reccanmended when *a determination of 
iron is aiot considered expedient • * ^ 

Blam FLxCy Permanent \Vkite^ Process IThite, Constant JV/Pte, 
Precipitated Barium Sulphate ajfc obtajned^ by precipitating ‘»oliiWons of 
barium salts (chloride), obtained js ljy-ptoducts*in various industries, 
hy sulphuric acid, sodium or* magnekiam sulphates or potasl-u alum. 
In order *to obtVn th# precipitate as /inely divic^ed as ^possible the 

Lowry, and L. C. M‘W^tj 5 n, /. Oi/ a^t ( ol them.* Ifja,, 1922^ 5, 82,^92 ; C, A. 
Kkin and W. Hulme,y! Otl anJ Col, Chtm, Jssoc.f 1920, ^77 . * • • 
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reaction should be carried out in the cold and with dilute solutions — 
precipkation from hot and fconcentrated solution tends to the production 
of crystalling particles and consequent grittiness of the pigment The 
pulp from the filter press, containing 2 $ per cent, of water, is often used 
direct to save the expense of drying, as a base for precipitating lakes.. 
When required, however, it is dried in a similar manner to barytes, and 
is a very fine powder of brilliant whiteness. Cer^^ain samples are liable 
to be imperfectly washed, when the traces of free sulphuric acid 
remaining may have a deleterious action on paint in which thq pigment 
is used. The specific gravity of barytes varies from 4-5 to 4 v 5 ' The 
characteristic differences between blanc fixe and barytes ane in the 
amorphous condition and finer state of subdivision, the greater oil 
absorption (15 against 6-9), and higher degree of opacity of th^. former. 
The inactivity and low oil absorption of barytes make it an ^'rri^portant 
diluent of paints. It has no tendency to pass into colloidal solution in 
the medium, so that it must not be used alone with pigments of similar 
tendency as it may settle as a hard cake on the bottom of the container. 
Ordinary permanent white is in itself only applicable as a water colour 
and not as an oil colour, for when mixed with linseed oil it forms a 
lumpy mass. It loses this objectionable property, however, and can be 
employed as an oil colour, if it is completely dehydrated and then 
heated rapidly in a muffle to a bright red heat; the glowing mass is 
then chilled in cold water, and the mud so obtained ground, dried, and 
powdered. * 

The quality of permanent white is tested by A. Mierzinski’s method ^ 
as follows : — A solution of 20 g, of glue in i litre of water is prepared, 
and a small quantity of the permanent white to be tested is made up 
with this glue solution to a consistence similar to that of the oil colour, 
and spread on strips of paper. The pigment, if of good quality, should 
adhere firmly to the paper after drying, and should not be rubbed oflT 
Ify moderate crumpling. If it does not withstand thij> test, it has not 
been prepared with suffifient care — it has bceh precipitated in too 
coarse a condition, or in too acid solution, or both. 

i/ses. Although per^nanent white is one of the m(»>st unalterable 
pigments, it cannot compete as a body colour with other white pigments 
on account of its comparatively low’' covering power in oil vehicles. It 
is occasiot^alfy employed together with native heavy spar for adulterat- 
ing and cheapening deep-colqured^pigments, and more frequently for 
render^rl^ 'transparei^t min^al colour^, such as Pwris blue, “ warm ” 
chrome oxide green, etc., fit fov u.«ie as^ body colours and paints 
mineral* blue, permanent, greens, Victoria greens). It is employed 
^extensively dn thej» preparation^ of pigment l^kes fiom coal-tar dyes, 
or mofc cortectly for* the conv«;rsion of these pigffients into ^i^nts 

^ Dit JSrd»» ^neral^ und Lackfarberiy 1881, p. 375. 
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and printing colours of relatively high covering power. For this 
purpose it is either mixed in the form of paste with the precipitated 
pigments, and the mixture ground, or else it is precipitated simultane- 
ously with the dye. Permanent white is not then an adulterant, but 
the substratum necessary for the attainment of the optical and other 
effects x*cquired. It is the recognised standard for reducing or diluting 
white lead in *the J.rade. Although regarded as an adulterant a 
moderate proportion of barytes is an improvement to many paints, 
because the crystalline nature of the particles offer a good surface for 
repainting, whilst films of paint containing barytes suffer less contraction 
as they age^han those of pure white lead. The greater covering power 
of permanent white compared with that of powdered heavy spar depends 
on its micro-crystalline structure. As far as investigations have gone 
up to th(j present, Jieavy spar and precipitated barium sulphate appear 
to exercise little or no detrimental effect 6n the permanence of coloured 
pigments in li^ht and air. 

Analysis. The sample is examined microscopically to determine 
uniformity of grinding, size, and angularity of particles, crystalline or 
amorphous form. The sample should contain at least 95 per cent. BaSO^, 

Loss on ignition. One g, of the sample is ignited for thirty minutes. 
The loss may be due to organic matter, moisture, combined water and 
carbon dioxide (also sulphur dioxide from gypsum, if present). If the 
loss is appreciable, the sample should be tested for carbon dioxide. 

Soluble and Insoluble Matter. One g. is boiled with hydrochloric acid 
(1:3) and the insoluble matter is filtered off, washed with hot water, 
ignited and weighed. This may be treated with sulphuric and hydro- 
*fluoric acids in the usual mhnner for silica. In the absence of AljjOg 
(from silicates) the residue is considered as BaSO^. The filtrate from 
the insoluble matter is examined qualitatively for Al, Fe, Ca, Mg, SO3, 
and a separate portion of the sample for COo.^ 

. The following analyses show the general comiVDsition 


Baiium sulphate 

53 

96*0 

Ferric o\idc . . • • 

. 0*01 

0 2 

Silica . . ^ . 

o-;o 

05 

Alumina . * . 

0-96 

05 

CaJt'ium carBonate . . ^ . 

* 

1*5 

Magnesiu^i carbonate 

* 

•t .0.^ 


Wftit€ Cl^s. 

(China Clays ;* Kaolin ; l^ipeclay Wliite Bolt; Porcelain Earth.) 

• • ; • 

China clay *is a hydrated alunliniuip silicate, apprS,>rtmately 
Alp33Sit).^2H2C%. Kafclin occurs as a.djlsjntegra^ion pri>duct of thp 
grange rocks ot CornwalJ.* On account of its^kigh oil absorption 
^ A.S*TM* S/andardi^ I9f8, p» 647, 
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and transparency it is of little value as a pigment in oil paints, 
nevertheless it remains in good suspension in oil and inhibit® the 
settlement 9f other pigments, eg barytes, red lead, etc. It is 
principally used as a pigment in watei paints or distempers as its 
stability of suspension is increased in the presence of alkalis China 
clay also finds application as a base for the precipitation thereon of 
coal-tar colours intended for use in transparent oil pigments for 
printing inks and water paints 

A microscopic examination is of great value, showing silica as 
small shaip particles, China clay to be tabloid in appearance, and 
asbestine to consist of long, fibious, rod-like particles C erfainWarieties 
of acid clay which occur near the Rhine, in Hesse and in Sa>^ony, are 
not only compatible with dyes, but increase the pcimancnce in light of 
the latter to such an extent, that these become serviceable onjy in this 
form of combination (Sec Ttrre verte and Lime greens, pp 536 ctseq') 

The following are typical analyses — 



C ornwall 

(lit 1 

Fni ( h 

Da: 1 moor 

s.o 

4S 78 

^0 50 

4S 37 

17 20 

A1 Oj 

30 G 

3 7g 

34 9 > 

3S 80 

11 0 

1 Ih 

11 22 

12 02 

12 00 

k:o ; 

0 12 1 

1 00 

2 4 

1 7b 


0 09 

1 SO 

1 2C 

0 27 

CiO 

0 07 

0 04 

I 

0 24 

MgO 

^ 

0 80 

’ 1 


_ 







(lluist ind Heaton j) 140) 


Asbestine 

This pigment is asbestos in a state of fine powdbr It has no body 
and is only* suitable Ibr giving a ‘‘tooth” to other pigments and as Sn 
adulterant for cheap paints. A typical analysis is — 

S1O2 . .463 Al/)j . *. II t; MnO . 04 

, MgO . . 190 * *35 ' 22 

CaO .140 *.1 

% 

A quaktavi<^e analysis of China clay to determfne if it is essentially 
hydrous aluminium silicate i^gjener^jly the only chemical test necessary. 
Colour^ fineness, etc , are moi^e irriportartt than compc'sition. Asbestine 
is tested qualitatively Jo pfovcc that the material is as represented. 
It should be examined undei* the mcroscope to note whether it is 
fibrous or talcose%and wji(jtber si^ta or Cltina clay are' admixed. 
Sampler of known' origin should be used tas a guid6 for compaj^n.^ 

^ Siandatds^ 648 , 
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Silica or Silex. 

Silica or silex should be practically ‘pure Si02. A qualitative 
examination will suffice in most cases, together with a deteimination 
of the loss on treating i g. of the sample with sulphuric and hydrofluoric 
acids in the usual manner. 

II. White Pigments. 

White Leads. 

(Kremnit/ White; Flake White; Pearl White.) 

The chemical composition and optical properties of white lead 
described in most, books refer to the so-called '‘chamber white lead*' 
as prepared according to the old Stack oir Dutch and Creed or German 
processes. These qualities have approximately the composition of a 
basic lead catbonate, 2PbCO j-{-Pb(OH)j,, and contain on an average 
1-2*5 per cent of water, 83*^-87 per cent of lead oxide, and 11-13 per 
cent, of carbon dioxide. On the other hand, those kinds prepared by 
the French piecipitation piocess are said to consist almost entirely of 
neutral lead carbonate. The modern idea of “ white lead " is therefore 
capable, from either the chemical or the optical point of view, of more 
than one interpretation. As a matter of fact, the covering power of 
different qualities of white lead varies considerably. 

If the composition of chamber white leads is considered in the 
physical (optical) rather than in the chemical sense, it is the lead 
•hydroxide, since it is amorphous, which is chiefly responsible for the 
covering power possessed by these products. This agrees with the fact 
that the French ^precipitated white leads being crystalline, have less 
covering power. 

^ Salmonys#^ .and G. Hauser ^ have shown, however, that precipitated 
white lead, that is, .approximately neutral lead carbonate, can also be 
obtained in the amorphous state, and theli possesses even better 
covering povjer than chamber ’white lead.^ Other views* on the 
composition of white Mead have been put forward by L. Falk.^ # 

For the prbparaticJh of white l<^d the purest possible soft lead must 
be employed. A lt«id which contains about 0^003* pef\:dnt» zinc, 0*003 
per cent, iron, 0*005 per cent! a^it^mony, p 0006-0 0008 per cent, silver, 
and traces of copper, is suitable for ^he* manufacture. Bismuth is not 
only non-injurious, but favours thp o^fidafion of the lead, furnishing an 

I CAgm, ZgiL, 1907, 31, 95$. * J^rbfH 1910, l6, 2475. 

3 r/< 5 e 6 r. H«2l r%d A. V^ltze, Chail<5tj€nburg, A process for#the prcy^ration of a i\hite 
pigment consisting of gormal lead carbonate. Ger.’PaU 1 74024^(1 90^.). • » 

Zeti , 1910^^ 34* 567 ; %* Chem, l^io, 29, 769; c/. ako, JfJ. Hof, Chem, 
Zat, 1910, 34, 784* 
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excellent product of great whiteness and covering power. American 
soft leaf! contains about o 7!> to i-o per cent, of bismuth and o-ooog per 
cent, of silver^ If the lead used in the Dutch process i^ too hard for the 
manufacture of white lead, and acetic vapours are only allowed to act 
on it for the usual length of time, which is then too short, red oxides 
are formed. « 

Copper and iron in the lead arc detrimental,, to the manufacture 
of white lead. These metals are estimated colorimetrically by 
Neujean^s method^ as follows: — 20 g. of lead (40 g. if very pure, 
10 g. if very impure) is dissolved in dilute nitric acid, and the lead 
precipitated as sulphate by sulphuric acid ; the solution if fil^red or 
decanted off, evapoiated to a small bulk, and one half treated with 
potassium thiocyanate and the other half with excess of ammonia; the 
colorations so obtained are compaied with standard co>orations preserved 
in sealed tubes, and containfng known amounts of iron and copper 
respectively. The injurious effect of silver has been examined by 
Kramer and Bannow,- who state that it is the cause of the formation 
of the red coloration refeired to above 

Even Dutch white lead sometimes exhibits this peculiar red cast 
which may be due to a compound approximating to lead suboxide, or 
to the presence of silver, and is a lesult of faulty preparation (lack of 
carbon dioxide, insufficiently long action of acetic acid on the lead). 
This colour does not always disappear completely during the lixiviation 
process. In general, chamber white lead possesses? a more pronounced 
yellow cast than precipitated white lead, and is therefore frequently 
corrected with ultramarine. 

Pfund'* uses a 1 per cent solution of mercuric chloride to determine 
the degree of neutralisation in the preparation of neutral lead acetate 
by the French process. If a solution of crystallised load acetate of any 
concentration and temperature is treated with about an equal volume 
of ‘the mercuric chloude solution, the mixture remains qdite clear. If, 
however, a trace of litharge is dissolved in the lead solution or a drop 
of basic lead acetate added, a considei§ible white cloud or precipitate 
is immeliiately formed qn addition' qf the reagent. If the test is 
carried out by gradually adding the mercuric cjiloride ^solution drop 
by drop to a small* portion of the "“liquid and shaking, a permanent 
turbidity is*' obtained whuch is formed the, more rapidly the further the 
liquor is from the neutral poiRt^ A jyqJrm liquid which becomes cloudy 
on the hddhion of the first drop cs strdngly alkaline*; when this takes 
place at about the sixth /dropt the* liquid is l^s alkaline. If it remains 
clear wheh half its own volume* of the Solution has been added, it will 
qot become rcloudy* on adijilion^ of ^I'ny furthch: qua/itity — tliat is, it 

f Ckem, 18,70, p. O42 , cf lUrdy, tjilm News^ 1920, 120, 256. 

.2 rV“. Commercial Lead,” p.‘‘236. * Dtngl polyUj,, 187^, 2l6, 336. 
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contains only neutral acetate. The test is most reliable when equal 
volunjes are used and the mercuric chloride solution is run in from a 
burette. The acetate solution is removed from the vessels by^means 
of a brass cock at some distance from the bottom, and ibout i c.c. is 
filtered directly into a test glass. Since, in the French process, neutral 
acetate •is regenerated simultaneously with the precipitation of the 
white lead by carbon dioxide, it is only necessary to prepare it once. 

Commensal Quahties of Pure While Lead. — Krcmnita White is a very 
hard, pure, chamber white lead which is mixed with thin gum, pressed 
into square clay moulds, and dried. It has a smooth, vitreous fracture 
and was ma^e originally in Klagenfurt. 

^ Flake White is a variety of chamber white lead for which there 
was formerly considerable demand. It is obtained in flaky pieces by 
beating the lead plates. Its genuineness can therefore be recognised 
by its form. • 

Pearl White is white lead which has been tinted with Paris blue, 
indigo, or possibly with blue coal-tar colours. Bismuth oxychloride is 
also known as Pearl White. 

Adulterated Quahties oj White Lead. — Since technically pure white 
lead is too expensive for many industrial purposes, it is treated with 
white ‘‘fillers.’* The substances chiefly cmplo} cd are heavy spar and 
blanc fixe (permanent white), also lead sulphate, zinc white, gypsum, 
China clay, whiting, clay, bone ash, etc. As long as these adulterated 
qualities are dcscribcgd as such, no objection can be made against them. 
It must be taken for granted that the comparati\cly low coveting 
power of these qualities is known. 

* Two methods are in ifse for denoting these products: special 
names, or distinguishing appendices (numbers or letters) to the name 
“white lead.” Inpludcd in this group are the commercial varieties: — 
Venetian ivhite, wlgiich contains equal parts of while lead and heavy 
spar or “ blant «fixe ” ; Hamburg ivhite, which consists of i p^art of white 
lead and 2 parts t)f heavy spar; and Dutch white, which contains 
I part of white lead and 3 {)arts of heavy* spar. According to the 
second method of designation thcTcchnically pure pigment is described 
as white lead “ pure,’^ and the adulterated Varieties are denoted, by 
numerals I., if., Ill , or ist, 2nd, etc. 

The Analysis of White Lead. 

r. Detection aufi Estimatjotfof Ad^Uiioiis and Impunties}r-^i\e g. of 
the sample arc treated in^a tall ^oq, c.c.» beakef with about 20 c.c. of 
dffute nitric aci|^(sp. gr. i-2^ followfcci by 20 c.c. distilled water, with 
gentle»W£frming a slfcam or sajid bath. ^'When ^olutioji is complete 
the cj)ntents of the beakey gre dilu^pd to abqpt 1 50 c.e. and. filtereci 

> Fox and Aowles, Tie 'Anahns of Ftgmtnh, 'pamis andyarnniet, ^ 
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through an ashless filter paper into a 250 c.c. graduated flask. The 
insolutjle residue is washed free from lead, transferred to a Jtared 
porcelain crucible, dried, ignited and weighed. The residue may 
contain the sulphates of barium, calcium and lead, china clay or 
asbestine, which, if necessary, may be separated by the usual methods. 
Pure concentrated sulphuric acid is added drop by drop to the com- 
bined filtrates in the graduated flask until no further * precipitation of 
lead sulphate occurs. The flask is then cooled, fifled to the graduated 
mark with distilled water and well shaken. After allowing the 
precipitate to subside, 200 c.c. of the clear supernatant liquid is 
syphoned off into a tall 300 c.c. beaker and evaporated until ^Iphuric 
acid fumes are evolved, when any lead sulphate precipitated aftgr 
dilution is filtered off, washed and rejected. The impurities are thus 
concentrated in a small bulk of dilute sulphuric apid. The splution 
is saturated with sulphuretted hydrogen and any precipitate is filtered 
off, washed free from acid and extracted on the filter paper with a 
little dilute sodium sulphide. Any antimony or tin thus dissolved is 
reprecipitated by faintly acidifying with hydrochloric acid and passing 
sulphuretted hydrogen gas. After a short digestion in a warm place, 
the precipitate is filtered off, ignited and weighed as oxide. The 
residue from the sodium sulphide treatment is dissolved in nitric acid 
and bismuth, if any, removed by treatment with a little ammonium 
carbonate solution. Traces of copper in the filtrate may be estimated 
colorimetrically by comparing with a standard, solution of copper 
iff. p. 64). 

The main filtrate from Group II. metals is rendered alkaline with 
ammonia, a few drops of ammonium sulphide solution added, and the* 
precipitated iron and zinc sulphides are filtered off, ignited direct to 
oxides and weighed. The proportion of iron present in the ignited 
precipitates may be determined by dissolving in^ hydrochloric acid 
and titrating with tit^nous chloride solution. The filtra1?e from aboye 
is transferred to a porcelain basin, evaporated to dryness and ignited 
to drive off ammonium salts. The residue, which consists of sulphates 
of calciu*m, magnesium and alkalis i^ then taken up in, a little wateri 
transferred to a platinum Wsin, evaporated, reigriited and weighed. 

2. Estimation of Carbon Dioxide^x—Th^ covering power of chamber 
white leadt inerti'ases wifh the quantity of hydroxide, and decreases as 
the quantity of lead carboriate incroases, so that an estimation of 
carbon dioxide is practically ^an pstiniasliop of the ^jalue of the white 
lead; but judgment oT the ct)ver/ng„power of a sample of white lead 
from the content of carbon dioxidb no Ic^ny^er holds go6d generally. 

Weise found in , * ♦ ♦ 

White lead of*hesJ: quality, per^cfnt. COg. % 

Wljitc Ifed of Sfecond quality (still vefy 'good), iu68 per cent?T!02. 
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White lead of third quality (still quite serviceable), 12-28 per 
cent. CO2. 

Drum residue, very poor quality, 14-10 per cent. COg. 

Abnormal products of the chambers, quite useles^ 16*15 
cent. CO2. 

For the estimation of carbon dioxide a portion is finely powdered, 
dried at 100°, eithei; decomposed by acid in a Schrotter or similar 
apparatus or determined by the volumetric method of Davis and 
Klein, ^ which is extensively employed as a work*s method in this 
country, or by the gravimetric method of Fox and Bowles/^ 

'M 

In addition to the above, the determination of the Loss on Ignition ^ 
which is proportional to the amount of lead carbonate and water, serves 
for the valuation of chamber white lead. In unmixed qualities it varies 
between ^3 and itf per cent, and amounts on an average to 14-5 per 
cent. Hamberger found in three qiialitfcs of white lead 219, 22-79, 
and 22*70 per ccfit of calcium carbonate respectivcl3\'^ 

3. Esthnation of Lead Acetate . — Many older qualities of white lead, 
especially the “caps” and “loaves,” contain small quantities of lead 
acetate, which originates in the manufacture and from incomplete 
washing, or is purposely added in order to facilitate the moulding of 
the “caps” and “ loaves,” in which forms white lead still, though only 
rarely, comes into the market This addition is specially injurious 
when the white lead is used as an artist’s colour, for even when only 
I-5-2-0 per cent is present the pigment rapidly becomes yellow in the 
oil. White lead with this impurity gives, when boiled with water, a 
solution which is rendered turbid by sulphuric acid and is coloured 
brownish-black by ammonium sulphide. The estimation of the acetic 
acid present in white lead is carried out by a modification of Thompson’s 
method^: 18 g. of white lead (extracted if previously ground in oil) is 
placed in an ordinary 500 c.c. flask with 40 c c. of syrupy phosphoric 
acid (85 per ce^it) and 50 c c, of water. The fla»k is heated directly, 
and the material distilled down to a small bulj^. Steam is then passed 
into the flask and distillation continued until about 600 c.c. of glistillate 
is obtained. After adding about 0-5 c,c. of phosphoric acid the distillate 
is transferred ,to a hoavy-w ailed flask fitted with a two-hole stopper. 
Through one hole j)asscs a tube •with a very srpall^^capillary bore, 
through which a minute stream of air may be drawn in during the 
distillation. Through the other *iifile isf>Assed a connecting bulb tube 
attached to a condenser. • Dfstillatibn is condjjcted under* feduced 

pressure, correspo/iding toiabout j*5o*mm. of mercury, using a conical 

^ • • • • 

^ /«</., 1907, 26, 848.^ ^ 

* ne Analysts of Ptgmenfs^ Pamh afid^Varntshes^-^. 13 . 

^ Phatm, Zeii.^ 

^ rf‘Mdstcr and A. E. Goldstein, AnHlysty 1920, 45, 185. 
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filter flask as receiver and is stopped when lo c.c. of the distillate 
requires only one drop of Njio alkali to produce a colour change 
with phenol^hthalein. At no time should the volume of the liquid 
in the distillation flask be allowed to fall much below lOO c.c., 
as phosphoric acid may then come over. In the method the final 
distillate is always obtained clear, and the results are accordingly 
slightly lower than by the Thompson method, which always yields 
cloudy distillates. It is even possible to proceed to <..he analysis 
without previously extracting the oil 

4. Estimation of Total Lead Oxide, {a) Gravimetric — 0-5 g. of the 
sample is dissolved in dilute nitric acid and filtered threngh* a small 
ashless filter paper into a tall 200 cc beaker. The filter paper is 
washed with hot distilled water and 10 cc. of concentiatcd suuphuric 
acid added to the combined filtrates. The beaker^ is now heated on 
a hot plate or sand bath until sulphuric acid fumes arc freely evolved. 
Heating is continued for a further ten minutes, when the beaker is 
removed and allowed to cool The acid liquid is diluted with about 
six volumes of distilled water, and when cool, an equal volume of 
alcohol is added. After standing for about an hour the contents of 
the beaker aie filteied thiough a small Gooch crucible, the lead 
sulphate washed with dilute sulphuric acid (i in 8) and finally with 
alcohol. The ciuciblc is diicd in a steam oven, placed inside a larger 
porcelain crucible and ignited to low red heat until the lead sulphate 
appears pure white. The Gooch ciucible is cooled in a desiccator 
and weighed 

As the lead sulphate so obtained is liable to contain a little 
impurity, it is dissolved in a 30 per cent, solution of ammonium 
acetate, and the insoluble residue, should any be found, is washed 
with distilled water followed by alcohol, and the crucible reignited 
and weighed. The difference in the two weights is the amount of 
lead sulphate. o ^ 

Should the pigment be ‘‘off colour,” indicating the presence of 
metallic lead, a second Analysis should be made by dissolving 0*5 g. 
of the skmple in acetic acid and precipitating the sulp^iate as above. 
The percentage of metallic lead is calculated from the difference in 
the weights of lead sulphate thus obtained. 

(b) Volumetric. — o yg. of the sample is dissolved by boiling ip 10 c c. 
of concentrated hydrochloric ^acid. After cooling the solution to 40 c.c. 
it is newtyraiised with ammonium )aydroxide Acetic ^cid is added until 
the reaction is distinctly acW, apd ,^fter dilution to 200 c.c. with hot 
water the solution is boiled and titrated tvitk ammonium molybdat^as 
described bejow. ♦ * < ^ 

The» solution of*ami?ionium ri\olybdate, i,s made by« dissolving 4*25 g. 
in water^ aRid*dilutii1g to a Utre.* To standardise thei solution, of 
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pure lead foil is dissolved in nitric acid, and after evaporating almost 
to dryness, 30 c,a of water then 5 cc of sulphuric acid (sp gr. 1^84) is 
added and the lltjuid filtered after cooling. The filter^ containing 
the lead sulphate is put into a flask and boiled with concentrated 
hydrochloric acid until disintegrated. It is then treated with 15 cc. 
hydrochloric acid, 25 cc. -of water, and finally with ammonia till 
alkaline. After acid^ying with acetic acid, the liquid is diluted to 
200 cc. witfi hot water, and boiled. It is then titrated with the 
molybdate solution, using a fresh o 3 per cent, solution of tannin as 
external indicator, the end-point being shown by development of a 
yellow coloration. Pure PbO or PbSO^ may be used m place of lead 
foil for standardising the solution. Cf p. 230 

It should be noted that when calcium is present it forms a more or 
less insoluble mol)<bdate, and the lesults are apt to be high. With 
samples containing less than 10 pci centf of lead, the lead should be 
precipitated as sulphate, filteied, ledissolvcd, and titrated as in the 
process of standardisation 

The following method of A N. iMiin gives the total basicity of a pure 
white lead : 2 g of pigment is placed in an evolution flask, a little CO2- 
free water added, and the separating funnel and condenser (Knorr 
type) connected up; 100 cc of nitric acid is added through the 
funnel, finally washing down with water The caibon dioxide is 
absorbed in soda-lime in the usual manner (having IljSO^and CaClg 
drying tubes in tram)* and weighed To the solution m the evolution 
flask about 20 cc of neutral sodium sulphate solution is added, and 
the liquid is titrated with yV/4 sodium hydroxide solution (carbonate 
free), using phenolphthalcin as indicator. The caibon dioxide found 
is calculated to PbCO^. The amount of A74 acid coi responding to the 
carbon dioxide is .calculated and deducted from the total amount of 
iV/4 acid neutralised by the sample, and the difference calculated 
to combined w%Lt?cr, from which Pb(OIi)2 is computed. , 

F. H. Storcr^ esfimates the total lead by dissolving 2-3 g of the 
sample in 100-150 cc. of dilute hydrochloric acid at 40°“S0°, and 
immediately irjtroducin^ into thq solution a bright strip of pure zinc, on 
which the lead ^separatf s out; the solution is decanted through a filter 
paper which contains a small piec« of metallic zinc. The residue in 
the beaker, consisting of metallic lead, is quickly* washedTVhhthot water 
and transferred to a crucible ; tlifc iead ^oilected on the filter paper is 
rinsed into a porcilain dish,, aifd, aftor removal of the zinc* afdtied to 
the contents of the crucibl#|. The metal il finally dried in a current of 
coat gas. 

E, Lenoblc^ beterrrfines hygipscopic ,\^ter bjr dryir^g at 100°;^ 
carbon^ dioxide aS loss of. weight af%er addition o*f nitric acid ; lead 
1 Chtm. NeuiSy 1870 , 21 , 137 * ^ *® 99 > /• 693 , 
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oxide, provided no other metals are present, by igniting i g, of 
white Jead ; acetic acid by distilling i g. with tartaric acid ; w^ter of 


combination by calculation. 

Specimens of French white 
contained : — 


White lead 
Zinc white 
Blanc fixe 
Calcium caibonate 
Clay 


lead 

examined 

by G. 

I. 

11. 

HI. 

8525 

73 17 

^ 44-33 

••• 

2 124 

5 -Jo 

10 12 

1950 

4025 

463 

5 

10 12 


5 . The Density of White Lead. In forming an opinion! on the 
covering power of wliite lead a determination of the depsity* is 
important^ It is carried out in a pyknometer filled with benjicne or 
toluene.^ Qualities of low specific gravity (great* volume)* have the 
best covering pot\ci White lead rich in neutral carbonate, obtained 
according to the French method by precipitation, is coarsely crystalline, 
and therefore does not cover so well as the amorphous and more 
voluminous white lead prepared by the Dutch process Conclusions 
as to the covering power of different qualities of white lead may also 
be drawn from the determination of the degree of fineness by the 
method of screening or elutriation 

6 . Behaviour in J/u tines. White lead which is technically pure 
and free from lead acetate, is unaffected in mixtures wdth most 
pigments containing sulphur (ultramarines, cinnabar) , for exceptions, 
cj. cadmium yellow (p 481 ). The presence of lead acetate renders 
mixtures with ultramaiines unstable Moreover, white lead is unstable 
when mixed with lime, and is thus not a lime colour ; it imparts an 
orange colour to zinc yellow, to yellow ultramarine (barium yellow) 
and to strontium yellow, owing to the formation of liasic lead chromate 
(chrome orange). Zinc greens are also discoloured by;white lead for 
tlie same feason. So far as is known at prcsLnt,^w'hite lead docs not 
accelerate the decompovtion of other inorganic and organic pigments 
by exposure to light even in the paksfmixtures. 

^ Uses, White lead, although poiscAious and* sensitive to hydrogen 
sulphide, is still widely used as an oil colour by artists, and also for 
interior and, especially. for exterior work, as an equal degree of cover- 
ing power and atmospheric durability is not attained by sub'stitutes- 
Moreover, ^as nowadays five-jfixths* of ^the total white lead produced 
comes into the mari^et as^an *oil paste, the danger of white lead 
poisonjug is considerably diminished/ ^ • 


^ ^ Thompson^ Ai^er, Soc Test, t^fats,^ 19^5, 13, 407, 

® E. lgpnoble,yf>r. ctl, * ^ ^ ^ h, Eibner, Teihn, MtiUf, 1907, 23, 151. 

< eye E. CJ, Chtm. Ltd,* 1^12, 31, 5J5^«also, H. F. Armstrong b»*-C. A. 

Klein, iiidt, 1913, 32, 320. * 
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White Lead Substitutes. 

Owing to the,poisonous character of white lead and its sensitivity 
to hydrogen sulphide, a number of white lead substitute's have been 
introduced. These should be free from the disadvantages attached 
to whitQ lead, and should fit the same time possess those properties 
for which it is valued. The substitutes put forward up to the present 
completely ftilfil onl}^ the former of these two conditions. The first 
substitute for white lead was zinc white, which is non-poisonous and at 
the same time is not discoloured by hydrogen sulphide. Then followed 
various Icaci preparations, such as Muhlhaiis White (lead sulphate) ; 
Pattinson\ White Liad (basic lead chloride, rbCl2 * 2Pb(OH)2) ; and 
Frecntaiis non-poisonoui. White Lead, a mixture of lead sulphate, zinc 
white, baryta whitg, and magnesium carbonate. These pigments are 
less poisonous than white lead and are# not blackened as rapidly or 
as intensely by hydrogen sulphide. Their covering power is, however, 
very inferior io that of white lead, on account of their crystalline 
condition. 

White lead paint dries to a rather soft surface, weathering to a 
chalky coat, easily absoibcd. White zinc (yinc oxide) paint dries 
more slowly, but yields a hard, almost vitreous surface. A mixture 
of the two, such as 6o per cent, white lead and 40 per cent, zinc 
oxide, show^s a material correction of qualities. For the properties 
of leaded zinc, see S J. Cook, / Soe, Chim Ind,, 1919, 38, 137T. 

J. A. Singmaster and F. G. Breycr patent the preparation of a 
zinc lead pigment containing 65-97 per cent, zinc oxide and stated 
Iso possess the covering po\rer, opacity, and flow of XX brand of 
American process zinc oxide ^ B Paxton ^ describes a rapid volumetric 
process for the analysis of basic lead sulphate, 

Basic sulphate *of lead is manufactured in this country by roasting 
gajena; it is ia\so produced as a by-product in certain processes fevr 
the manufacture of litharge. The American pigment — sublimed white 
lead — produced from mixed lead and zinc ore5, contains besides basic 
lead sulphate, ^arying amounts of Jtinc oxide, sulphur dioxide, cJccIuded 

or in combination, and^soluble zinc sulphate. * 

* • 

• 

Analysis of Zinc liead, Leaded Zincs (Ozld Whitfe), 'Basic Lead 
Sulphate and ’Sab^med^ White Lead. 

Total Lead and^inc} 0-3 g* of thc*dry»jpigmetit is dissolvccTifi 25 c.c. 
of Jiydrochloric ^cid (i : uping'a ^oo c.c. beaker. When ^solution 
is romplete 100 c.c, of hot distilled watir is added and the solution is 
filtered’from insoluble matter into»a tajl sqdi;.c. bealjer. The insolubla 

‘JV. S. Pat 1257136, 1918. •/ t \ Chem, ami 19*2, 989. 

^ Fox and Bowlest Analysts of Pigments ^ Patnts and latntshes, p. I 7 » * • • 
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matter is washed thoroughly with hot water and, if appreciable, is ignited 
and weighed. Ten c.c. of 'pure concentrated sulphuric acid is added to 
the combme;d filtrate and washings and the beaker is heated on a hot 
plate until sulphuric acid fumes are evolved. The acid solution is 
diluted, and the lead sulphate filtered through a Gooch crucible andf 
weighed as previously described under White Lead (jp 442).' If zinc 
has been found present in a preliminary test, th^ filtrate from the lead 
sulphate is rendered alkaline with ammonia and filtered from any 
precipitate of iron. The precipitate is redi^'Solved in hydrochloric 
acid and repiecipitated with ammonium chloride and ammonia, the 
filtrate being added to the mam filtrate and the precipitate neglected. 
The zinc may be determined in the filtrate either gravimctrioallyr or 
volumetrically as described later under zinc pigments (p. 449). ' 

Total Sulphates othci than Baitum Sulphate^ 0^5 g of tlv“ pigment 
is treated in a 400 cc. beaker with a few drops of alcohol, followed 
by the addition of 10 cc of bromine water, 10 cc. of hydrochloric acid 
(i : i) and 3 g of ammonium chloride. The beaker is covered with a 
watch glass and the contents digested on a steam bath for five minutes, 
when hot distilled water is added to bring the total volume to about 
200 cc. After boiling for five minutes, any insoluble matter is filtered 
off and thoroughly washed with hot water (a pure pigment should 
be completely dissolved) The combined filtrate and washings are 
neutralised in a covered beaker with dry sodium carbonate, i g. being 
added in excess, and boiled for ten to fifteen minutes The precipitate 
is allowed to settle, filtered and washed with hot water , it is redissolved 
in hydrochloric acid (1 i) and reprecipitated with dry sodium carbonate 
as above, filtered and washed with hot water The united filtrates are 
acidified with hydrochloric acid, adding 1 c c. in excess, then boiled 
to expel bromine, and to the clear boiling solution 15 cc of a 10 per 
cent, barium chloride solution is slowly added with stirring. The 
precipitate, is allowed to stand on the steam bath for a^oout one hour, 
filtered on a weighed Gooch crucible, washed with boiling water, diied, 
ignited and weighed as BaS04 .Tlje result is calculated to SO^ 
(including SO^ formed (fom SO^). ^ , » 

* Alternatively o 5 g of the sample may be ^iissolve^d in 25 c.c. oi 
water, 10 c.c. of jimmonia (sp. gr 090) and hydrochloric acid it 
slight exOviss, llien diluted to about 159 c.c. witfi water, and’ a piece 
of aluminium foil added whifh should about cover the bottom of the 
beaked* This is he]d on the ^bottorfi by means* of a stirring rod 
The liquid is heated gently till** all lead is precipitated, and decantec 
through*' a filter, pressing the' lead sponge with a flattened rod, anc 
.finally washing it*with hot water. « A little' pure ^bromine Water ii 
added 'to th6 filtrate which is then boiled ull the brbmine is e«)clled 

t *’ , * ' 

• i « ^ Circular of the Bureau ofStandaids, No. 8^. 
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Fifteen ex. of lo per cent, barium chloride solution is added and 
the uihole allowed to stand on the steam-bath for one hour.-* It is 
then filtered, washed with hot water, ignited and weighed as BaSO^ 
(any SrSO^ present is not decomposed in this method). 

Soluble Zinc Sulphate, Two g. of the sample is heated nearly to 
boiling Vith 150 c.c. of wAter and 50 cc. of 95 per cent, alcohol for 
thirty minutes ; then filtered and washed with a mixture of alcohol 
and water (i : 3). The filtrate is heated to boiling till most of the 
alcohol is expelled, and the SO^ determined by the usual method. 
The result is calculated to ZnS04 sample contains 

calcium or magnesium, the lead and zinc should be separated by 
pi*ecipiiation with hydrogen sulphide after dissolving in hydrochloric 
acid, making alkaline with ammonia and acid with acetic acid. The 
mixed sidphides aVe dissolved in dilute nitric acid and the lead and 
zinc determined as above. 

Sulphur I\uKxi(h is determined as under “Basic Sulphate of Lead" 
(below) or “ Zinc Oxide” (p 451). 


Basic Sulphate of Lead. 

Piirex is a basic lead sulphate having ap[)roximatcly the composition 
zPbSO^-PbO, It is said to be a very resistant paint, and to flow 
very readily on account of the uniformity and spherical shape of the 
particles. ^ 

The analysis is carried out as follows : — 

Total J.ead, One g. of the sample is dissolved in 100 cc of a 
mixture consisting of 125 cc of 80 per cent, acetic acid, 95 cc, of 
ammonia (sp. gr. 090), and 100 c.c of water. The solution is added 
while hot, and then diluted with 50 cc, of water, boiled until the 
sample is dissoh edj diluted to 200 c.c., and then titrated with standard 
aiiimonium molybdate solution as described ui/der basic carbonate 
of lead (p. 442). The ammonium molybdate^ solution contains about 
8-67 g. per litre and is standardisysd against pure lead foil, pure PbO 
or PbSO^. {Of. p 23CV) 

Total Zinc^ One g. of the sample is boiled wifh 30 c c. of water, 
4 g. of ammonium^ chloride, and *6 c.c. of co^cervtrat;,^d^ hydrochloric 
acid (sdme lead sulphate or chloride may not dissolve). Two hundred c.c. 
is diluted with hot water, 2 c.c. lof a iStiturated solution of sodium 
thiosulphate addefl, and th (5 liquid titrated with a standard"^ Solution 
of potassium ferrqcyanide »i tjie uSua); manner.^ 

Sulphu^r Dioxide. Ijwo g. of^thc samplers digested with ‘frequent 
stirring in 100 c.c; of freshly boiled cold and 5*c.c. of concentrated 
'hydr^xhloric aci(^ and alipV.fed to b^nd ten t6 fifteen minutes. An 
excess of Njioo iodine solution is then adtied, and the exCessUitrated 
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back with Njioo sodium thiosulphate, using starch indicator. The 
result#- is reported as SO2T Blank tests are run with reagents^ used, 
or the SO2 may be titrated directly with iodine. 

Soluble Zinc Sulphate is determined as under “Zinc Lead and 
Leaded Zincs’’ (p. 447). 

Pattinson's white is recognised by the fact that^ it dissolves in 
dilute nitric acid without effervescence and gives a precipitate with 
silver nitrate. Antimony white and T^tamum white are now promising 
substitutes for white lead (see pp 464, 465). 

In addition, Lithopone, and many compositions of which the basis 
is chiefly lithoponc mixed with white lead or zinc whfte, also with 
whiting, gypsum, magnesia and silica, have been introduced.* When 
these substances contain white lead they cannot be dcscnbed as 
“white lead substitutes.” Many of them were given fai%cy\ names 
in order to disguise their composition, eg. Oil zvhtt(\ Light'' white ^ 
Diamond ivhitc^ Edelweiss^ Smnv zvhitc, Antuivhiic lead^ Jlbanol^ JSlenda, 
Con dor y Fixoponc^ Ntvan^ Leiikarion^ etc. 

None of these substances is in the strict sense a substitute for 
white lead, for although they do not exhibit its defects, they do not 
approach it either in covering power, or in stability in oil paint for 
open-air work. 

Zinc White.’ 

(Snow White; Chinese Whitd) 

The introduction of zinc white as a substitute for white lead was 
proposed by Courtois of Dijon in 1780, and in 1786 he began to 
manufacture it on the large scale. In 1854 the firm of Winsor & 
Newton put on to the market a particularly dense zinc white under 
the name of Chinese Zidiite. Since then this name has been used to 
designate «the purect zinc white, and this applies aLa to the name 
''Snow whiter In 1840 the artist Leclaire tested the properties of 
zinc white as a pigment and found th^m suitable, with the result that 
it was soon afterwards ^ introduced gs an artjsts’ colour. The chief 
grbunds for this were its non-poisonous character and its permanence 
towards hydrogen sulphide. •* 

The irMividual qualities of zinc whit,e vary in Technical puiity and 
tone according to the purity qf the^o/'es employed for its preparation, 
and in' density accorcjjing to 4 :he <tempciature at which the preparation 
is carried out. The ivnpur^ties which occur are oxides of cadmium 
and aittimony, arsenic, Iqad, hon, unburnt zinc, and coal dust. The 
,zinc white vsed a^an artist^’* colour ' and as a paint ’•is generally pure 

white 6r of' a soniewhat yellov; cast (cadmium oxide). Individual 

*/• * 

^ Q. Z/ B/a»( cU ^tne et U Luhopone^ A. Souris, 1912. 
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qualities differ less in purity than in density, and are distinguished 
by a system of sealing, zinc white ** green seal being the whitest and 
tnost bulky quality ; after this come the brands red, blue,, yellow, and 
black seals. This method of designation, therefore, is used to 
indicate physical differences in the qualities of technically prepared 
zinc oxide. 

Analysis} Zinc v\;hite should dissolve completely in acetic acid 
without effervescence. The solution on treatment with ammonium 
I sulphide should give a pure white precipitate, and with potassium 
hydroxide a precipitate of similar appearance completely soluble in 
excess of th^ reagent. If the precipitate with ammonium sulphide 
is grey, either iron or lead is present ; if cadmium is present, the 
precipitate is yellowish. The amount of water present should not 
exceed 2-.^ per cent. ; it must be estimated at the lowest possible 
temperature. Arsenic and antimony are (afetected by passing hydrogen 
sulphide into a warm hydrochloric acid solution. It is often stated 
that zinc oxide absorbs carbon dioxide from the air and is converted 
into the basic carbonate ; but this reaction does not appear to proceed 
to any considerable extent. Thus no great significance attaches to 
the statements that zinc oxide on standing in the air becomes 
crystalline owing to absorption of carbon dioxide, and thereby exhibits 
diminished covering power.^ 

Total Zinc {a) Gravimetric. — One g. of the sample is dissolved 
in acetic acid and filtered from any insoluble matter. The acid is 
neutralised with ammonia, i or 2 drops of acetic acid are added 
and the hot solution is saturated with sulphuretted hydrogen. The 
precipitate is allowed to settle, the supernatant liquid filtered, washing 
by decantation and finally transferring the precipitate completely to 
the paper. The precipitate is then dissolved in the minimum quantity 
of hydrochloric acid washed through into the same beaker and boiled 
to expel sulphu’retted hydrogen. 

The zinc may now be estimated by one of the following 
processes ; — 

(i) By precipitation as Caibqnate: — Sodium carbonate solution is 
added to the cooled solution of zinc chloride until it becomes turbid. 
The solution is then heated to boilir^g, a drop or two of phenolphthalein 
solutionMs added, foriowed by a further quantity of^ sodtum carbonate 
solution until just alkaline. The*.pi'ecipit?»te is filtered hot through a 
Gooch crucible, washed well* with hot> water until 2 or 3 t.o of the 
filtrate leaves no residue ou evaporation, "tiried, ignited, and weighed 
as zinc oxide. 

h 

^ Standaui’^^ 1918, p. 64^. ^ , 

Cf^ ‘Die Surrogiite, in der LaCt-,Jl^irais- und*5'arbcnfabrikatiou ’ ; also, .P. Beck, “ Ober 
weisse Bleifarben und die sog. Bleiv\eisseisatziniUel,” Chrd, Jnd,^ I907» 27c. > ^ 

II. ' ' * 2 F 
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(2) By precipitation as Zinc Pyridine Thiocyanate^: — Zinc may 
be separated quantitatii^ely from manganese, magnesium, alkalies 
and alkaline earths by precipitation as zinc pylidine thiocyanate, 
ZnPy2(SCN)2 On account of the bulkiness of the precipitate, it is 
not advisable to work with more than 0*2 g of zinc oxide, but larger 
quantities may be used with special precautions. 

o 2 g. of the pigment is dissolved in the ^piinimum quantity of 
hydrochloric acid and filtered from insoluble matter. Ammonia is 
added to the cold solution until just neutral, using a little methyl# 
orange as indicator. This is important and very dilute ammonia or 
acid should be finally used to bring the solution to theVieutml point 
A small excess of a concentrated solution (or solid salt) of arnmonkim 
thiocyanate is introduced, when pyridine is added with vigorous 
stirring a drop at a time, until 15 to 20 drops have been iuied.\ More 
pyridine will be required fot a larger quantity of the pigment After 
standing for fifteen minutes the precipitate is filtered on a pap^r and 
washed with an aqueous solution containing o 25 per cent each of 
ammonium sulphate, ammonium thiocyanate and pyridine. The 
precipitate is then dried, transferred to a porcelain crucible and ignited 
apart from the paper to zinc oxide over a strong Bunsen or Tcclu 
burner. Should the ignited zinc oxide remain massed together it is 
advisable to break it down with a platinum wire to ensure that no 
unburnt carbon remains. 

(d) Volumetric - — In the absence of iron, manganese, or other metals 
yielding sparingly soluble fcrrocyanides, this process can be carried 
out without previous precipitation of the zinc as sulphide. Lead does 
not interfere with the determinatioti if pfesent only in small quantities. 
The following solutions are required * — 

Standard Potassium Ferrocyanide. — 43 2 g. of the crystallised salt 
K^FeCCN)^- 3ILO per litre. ^ 

* Indicator. — A t,5 per cent, solution of uranyl acrfiatc or nitrate, 

the latter being preferable. * 

Standardising the Potassium Ferrocyanide Solution — 3*1 g. of pure 
freshly ignited zinc oxide is dissolve^ in 10 c.c, of conoentrated hydro- 
chloric acid and diluted to 250 cc. in a gradu^^ted flask. Twenty-five 
c.c. of this solution is transferred to a conical flask and 10 c.c. of 
concentrated ‘hydrochloric acid added. ^ The add is neutralised with 
ammonia and a further 3 cr.^of cqnOentrated hydrochloric acid added. 
The aicivmonium chloride so* added toHhe solutiom produces a sharper 
end-point. It is impoi;tant*that the quanliity of free acid present shall 
be con< 5 tant for all determinatllons, hnd the accuracy of the meThod 
^ depends op a rigid adhej-e/ice^to §fhndard cAnditidlis. * ' 

^ Ciuj ,, 192 J, I, 361 ; /. tAtm , Soc ., 19^3, 124 (11), 

Bowie, fke Anal^i^ o/Pigments^ Paints and Vanttsaes^ p. 26. 
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The contents of the flask are diluted to 200 cx, and heated just to 
boiling* Twenty-four cx. of the potassium ferrocyanide solution i^ then 
run in, when the* bluish-white precipitate becomes floccplent The 
ferrocyanide solution is then added drop by drop, shaking well all the 
while, the precipitate meanwhile becoming pale cream in colour and 
losing it 5 flocculent appearance. This occurs when the titration is 
within I cx. of the enrj-point At this stage two drops of the solution 
are placed on a white porcelain plate in contact with the first of a 
•series of drops of the indicator. The burette reading is noted, a further 
addition of the ferrocyanide solution made and the solution tested after 
each reading* of the burette, until a brown coloration due to uranyl 
feriiocyanidc develops in the test diops. Since the colour takes about 
one minute to develop, the burette reading corresponding with the first 
drop which.developf^ the brown coloration is taken as the end-point. A 
blank determination should be made in order to correct foi the amount 
of ferrocyanide^ solution necessary to colour the indicator. This is 
usually about o 2 c c. Each c c. of the standard potassium ferrocyanide 
solution should be equivalent to 001 of 7 mc. 

In the titration of a solution containing an unknown quantity of 
7inc the progress of the reaction may be determined by the change in 
the appearance of the precipitate or a preliminary titration may be 
first made Alternatively, the solution may be divided into two 
halves, the quantity of ferrocyanide solution added to the second 
half being just shorfe of that required by the first, when the titra- 
tion is completed by the addition of the ferroc) anide solution drop 
by drop. 

Tota/ Soluble Stdphur, Ten g. of the sample is moistened with 
water, a few drops of bromine added and then concentrated hydro- 
chloric acid. It i45 boiled to expel bromine, any insoluble matter 
filtered off and washed with water, the filtrate made alkaline with 
ammonia, theil ^'ust slightly acid with hydrochlc«-ic acid, Seated t® 
boiling and about 15 c.c. of hot barium chloiide solution added. 
After allowing to stand several hours (overnight), the sample is 
filtered on a , Gooch fruciblc, y^ashed well ^with hot water, dried, 
ignited for five^ minutes, and weighed as BaSO^. The result is cal- 
culated to sulphur. » 

Sulpiiur Dioxide ^ Five g.^ of the sample is mixed Vkh 50 cc. 
of warm (freshly boiled and pAr^y copied) water to an eftiulsion, 
poured into a stoppered fla^ tontaining.iS c.c, of hydrochlccic acid, 
and exactly 25 c.c, of 7 V 7 io.jpdine solution • thep the flask is stoppered 
and^shaken until all the oxide is dissolved, pnd the excess dWodine 
titratcd*as*rapidl)las poSsible with*-A7io^sp4ium thiosulph;itc solution.^ 
The result is calculated to • * 

Soluble Zinc S?dphate is ‘determined *as on p. 447! 
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Fastness to Light H. F. Link ^ discovered that zinc oxide becomes 
darker in the light. According to T. L. Phipson,^ J. Cowley,® and 
J. B. Orr,i many qualities of zinc white are Sensitive to light. 
Mitscherlich® showed that crystals of zinc selenate change their 
crystalline form on exposure to light. It was, however, the discovery 
of the sensitiveness of lithopone to light that again directed attention 
to this property of zinc compounds. It is accordingly necessary to 
test the commercial qualities of zinc white in this respect, although 
in these the amount of darkening does not appear to be very great. 

The Incompatibility of Zinc JVhite in Mixtures with other Pigments. 
On this subject there are only isolated statements, sucifi as jthose of 
Russell and Abney according to which an addition of Chinese Iwhitc in 
colour washes spread on test papers heated in sealed tubes Drought 
about distinct changes in the colours. A. Eibncr^ Ascertained tnat zinc 
white had considerable aefion on most inorganic pigments in the 
light, and brought about surprising rapid changes * in all oVganic 
pigments. These phenomena are particularly marked when gum 
arabic is used as a vehicle. Under these conditions zinc white 
causes alteration in the chrome yellows, chrome oranges, chrome reds, 
chrome greens, zinc yellow, yellow ultramarine, zinc greens, cadmium 
yellows, cadmium red, cobalt yellow, the cinnabars, ultramarines, and 
Guignet greens. The cobalt violets, cobalt blues and cobalt greens 
appear to be almost entirely unchanged. Paris blues and Turnbull 
blues are decolorised with extraordinary rapidity ; this light reaction 
is, however, reversible, like that of the unmixed Paris blues. That 
this accelerated action is due to the zinc white as such, and is not 
induced by the degree of dilution of the various pigments in question, 
is shown by the fact that equal percentage mixtures of the same 
pigments with lithopone, whiting, white lead and blanc fixe, exposed 
to light for the same length of time, undergo either only very 
flight alteration on none at all. * * • 

P'urther experiments show that zinc carbonate, hydrated zinc 
sulphide, and cadmium carbonate, .also alter many pigments on 
exposure to light {cf cadmium yellowj). , ^ 

• Other less used artificial white pigments yre: Sa(in white^ which 
consists of a mix;ture of calcium* sulphate and aluminium sulphate, 
Manganese '"white^ Strontium white. Ten white. Bismuth white, and 
Tungsten white. 

% • « « 

1 tlber die Natur des Achies, Pe^firsburg, j8o8 ; cf. Geschtchte der Phoio^rapkie, by Eder, 

p. 109. • I * , ^ 

2 CJttm. News, 1881, 43, 283, ^nd i8ft, 44. 73/ 

8 Ihd., 188^, 44, 51 iJLid 167. ^ ^ ‘ Ibtd, liSl, 44, Is. 

• 6 Ann.^ 6, 19, Ind 12, 144 (hovel Photochemte. Ijy Eder, pp. 1^3 and 124). 

® Cf. A. p. Church, The ChemisUy of faints and Peintfng, p. 340. | 

7 Eai^en-^ZetU. lOli. 16. * 
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Lithopone.^ 

(Charlfon White ; ^Zinc Sulphide White ; Sulphide White ; Enamel 
White; Griffith’s patent Zinc White; Knight’s jSatent Zinc 
White; Orr’s White; Ponolith ; Jersey Lily White; Becton 
WJiite.) 

The name “ Lithopone,” used in the widest sense, is applied to 
mixtures of zfnc sulphide and zinc oxide with sulphates of the alkaline 
^earths, particularly barium sulphate Orr first made zinc sulphide 
from barium sulphide and zinc chloride, and later prepared a mixture 
of zinc sulphWe and strontium sulphate. Griffith’s zinc white (1877) 
is Bt mixture of zinc sulphide and calcium or barium sulphate 

Meissner^ prepared mixtures of zinc white and blanc fixe. The 
white pigiijent (zin^ anhydride, zinc baryta) prepared by Alberti'* is 
of similar composition. The commercicfl products now known as 
lithopones are essentially mixtures of precipitated zinc sulphide and 
barium sulphate. In order to attain the necessary covering power for 
such a white lead substitute, each of the constituents should possess as 
good covering power as white lead itself ; this, however, is not the case. 
The optical principle adopted in the preparation of lithopone for the 
purpose of securing the greatest possible covering power is as follows. 
An intimate mixture of two pigments of different refractive power 
is prepared in the amorphous form — not by mixing the dry constituents, 
but by precipitation— .so that the differences of refraction of both 
towards air are as great as possible. Diffuse reflection of light as 
well as total reflection then takes place at the bounding surfaces of 
tlie grains more easily than would be possible in the case of a single 
pigment. 

Mixtures of blai4ic fixe and zinc sulphide prepared by precipitation 
do not, however, possess sufficient covering power. The density of 
the# pigment mtiart therefore be increased by heating to reciness, after 
which it is chilled in Water in order to ensure the necessary fine state 
of division (fineness of grain) ^ In the course of this process any 
free sulphur present ir^ the pre{:ipitated mixfure is burnt away and 
the zinc sulphjde deljydrated. Meissner converted zinc sulphide 
completely into zinc oxide at white heat by means of high-pressure 
steam. ♦At the present time th^ calcination of th*e pigment*is^o longer 
carried to the point at which the su^hide is completely dSidised. 
Although the calcination process in the* manufacture of •lithopone 
results in thd greatest possible covering po'^^er there are disadvantages 
connected with it.* Part of the*zinc sidphidp is burnt to zihC oxy- 
sulphidefj basic anil neutral zinc ^ijphate ^rvl zinc cxide. » Lithopone 

^ Ct Ze Biiytc de Zinc A^Somist igiL , , 

^ Gcr. Pat. Nos, 4626 and 5926, ® Ger, Pat No. 80751# * 
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prepared from zinc chloride solutions produces zinc oxychloride. These 
constituents appear to be partly responsible for the want of pertiianence 
in light exl^ibited by the lithopones. • 

Lithopones prepaicd from pure materials (free from cadmium) 
possess a purer white tone than ‘‘chamber” white lead: they are non- 
poisonous and arc not affected by hydrogen sulphide. When ground 
in oil they possess covering power equal to ^that of French white 
lead.^ Many qualities are not pure white but greyish or more or 
less yellow, and contain carbon, iron, alumina, or cadmium oxide as« 
impurities 

The more valuable and better covering component of these |>igments 
is the anhydrous zinc sulphide, and they are, therefore, sold according 
to their content of this constituent ^ With Hthoponc, as with zi^ic white, 
designation by “sealing” is used In this case, however, th^ “sealing” 
does not lefer to purely f5hysical differences in quality, but to the 
percentage of zinc sulphide, which foims the standard of value. A 
fixed amount of zinc sulphide corresponds to each seal, viz . — 


Giecn seal 

33 per cent 

ZnS and upwards 


Red seal 



(i pel cent, latitude) 

White seal 

26 , 


(I 

) 

Blue seal 

22 

»> 


) 

Yellow seal 

15 „ 

») 

» 5 ) 

) 


In general, however, the sealing appeals to be arbitrary, for a 
product containing 30 per cent ZnS is sold from one factory as “ red 
seal brand,” and from another as “green seal,” so that in this case, 
as in that of many other pigments, it is.dcsiiable to set up a scries of 
standaids The different brands of lithopone arc naturally of unequal 
covering power on account of the varying proportions of the two 
constituents. 

A H Pfund has designed an instrument namefd the/‘ cryptometer ” 
for deternSining the* hiding power of pigments and paints, the principle 
of which appears free fiom objection and the application simple and 
rapid He has also recently devised an instrument which shows every 
promise of becoming an* almost indispensable piece of ?ipparatus to the 
paint technologist^ In this new colorimeter ^or white pigments the 
principle ^oC iwultfple# reflections is adopted in, order to accentuate 
departure from white and a piece qf ground optical glass is used as 
a non-selqctive leflecting surfacp ^Ih^order to obviate the necessity of 
standardising a soufee of v^hite H^ht, the colour cliaracteristics of the 

1 (5?/. F. Sacher, 19A), 1$, 1543, igii, 16, 542, and Meister, 1910, 

,15.1652. , » « h ♦ • 

2 C/»E. Kqphs and E.^Seyfeit, angew, Chtfn^ 1 902 , 15, i 02 , Soc. Chem, Ind,^ 

1902 . 21 , 11 ^ 5 . • • ,* . / , ♦ 

* ftljfanltltn ImU^ I9I9» * Ptoc,Amtr. Soc Test Mats,^ 1920, 20, Part II., 440. 
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paint are given in terms of ** brightness.” For colours of dominant hue 
460 (blue), SSOyu^ (green), and 625 juLjti red •respectively. In this way 
the colour chara<ftcristics are established and standard, samples of 
paints may be discarded. This method of investigation shows that all 
“white” pigments are yellowish, though when compared with one 
another ♦some may be pinkish, bluish, etc. By addition of a trace of 
lampblack to a zinc o^ide paint, the latter becomes neaily non-selective, 
and whereas* the “brightness” of the paint is diminished by only 
3.5 per cent its hiding power is increased by 17*5 per cent. 

Analysis, In the analysis of lilhopone, in addition to zinc sulphide 
and barium Sulphate, secondary constituents dependent on the method 
of manufacture must be taken into account, viz. — zinc oxide, possibly 
zinc carbonate, zinc oxychloride, zinc oxysulphate, zinc sulphate, barium 
carbonate, and barium sulphide^ Many processes embody the intro- 
duction of small quantities of certain "salts — alkaline phosphates, 
bicarbonates and borates — which are stated to combine with metallic 
zinc as fast as it is formed and are thus designed to inhibit the 
darkening of lithopone on exposure to light Of technical impurities 
lead, thallium or manganese are said to produce the swiftest and most 
severe discoloration. Iron, nickel or cobalt are slower in action, but 
complete immunity fiom colour change seems to be obtained only hy 
the absence of all metallic impurities of the kind indicated.- Othei 
impurities include ferric oxide, alumina, lime, magnesia, copper anc 
carbon. A qualitative examination for the constituents mentionee 
should precede the quantitati\e analysis*^ 

[. hiitiinatiou of Zinc {li) Gravimetric Method. — P. Drawe recom- 
mends the following method • — The total amount of zinc present ai 
sulphide, oxide, oxysulphide, etc., is first determined For this purpose 
I.O-I-5 g of the finely powdeied sample is weighed out into a beake] 
of about 200 cc. Cjipaeity, agitated with 10 cc of hydrochloric acic 
(sp. gr. 1-19) ‘^ind ticated with i g KCIO^ in small portions; abou^ 
half of the hydrochloiic acid is then evaporated off on a boiling water 
bath, the solution diluted with hot water, and treated with dilute 
sulphuric acic^ in or^cr to decrease the solubility of the bariun 
sulphate; the solutioij is then decanted through a filter paper anc 
the residue washed until the washings are no longer acid. The filtrat( 
is heated to boiling fn a porcelain dish of 500 cc capaiify, over whicl 
an inverted funnel is placed, aiM^by t^tw gradual addition cJf sodiun 

carbonate solutioij, the acid ts first? newtialise^l, and the mne thei 

• 

’”(7. U. Wolff, Farbtn^/eiU, IQIO, 1$, 1859 , also »Auslin and Keane, AftalyUy 37, 2% 

« Q. C. Cofhgmer, ^ull. aiw.,^1902, ZJ, [? 5 ] 8^9 [i 8 ;^ 943 ^ /- lh(m,Jnd,, 190; 

ai, 114^1377- * •. .* * • • 

< Z. angtw. Chem., 1902, 15, I 74 » ^29, 297 , / Soc, CPtm, hid,, 1902, 21, 42> 
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precipitated as carbonate. The precipitate is filtered ofif, washed, 
ignited, and the zinc weighed as oxide. 

The estimation of the zinc present as sulphide ’is carried out by 
digesting i-i*S g. with lOO c.c of i per cent acetic acid in a beaker 
at the ordinary temperature for about half an hour, then decanting 
through a small filter paper, and washing well with warm wat^r. The 
residue on the filter paper is then added to the jesidiie in the beaker 
and the whole treated, as in the estimation of total zinc^'with hydro- 
chloric acid and potassium chlorate, etc. The zinc oxide so obtained t 
gives the amount of zinc present as sulphide. The difference between 
the first and second estimations represents the amount oPzinc present 
as oxide, carbonate, and oxysulphide. \ 

Carbon dioxide and sulphuric acid, if present, are determineq by the 
usual methods, and in the statement of results are 4 saken as^cohibined 
with zinc. • 

Barium sulphate can be estimated by direct weighing of the 
insoluble residue on treatment with hydrochloric acid. 

E Kochs and E. Seyfert ^ determine the zinc by precipitation with 
ammonium sulphide : — 5 g. of lithopone heated in a half-litre flask 
with 100 c.c. of hydrochloric acid (sp gr. 1*12) until all the sulphuretted 
hydrogen is driven off; after cooling, the flask is filled up to the mark, 
100 c.c. of the filtered solution, rendered alkaline with ammonia, is 
treated with ammonium or sodium sulphide at 50 -70 , and the pre- 
cipitated sulphide ignited and weighed as ZnO.. If, on the addition 
of ammonia, a precipitate of iron or aluminium is formed, then the 
weighed oxide of zinc is dissolved in hydrochloric acid and the 
contained iron and aluminium determined. The zinc salts soluble in 
acetic acid are also determined. For this purpose 5 g. of lithopone 
is shaken for some time with 100 cc. of 5 per cent, acetic acid in a 
250 cc. flask at the ordinary temperature, the s9lution made up to 
250 c c., fill^ered thro,ugh a double filter paper until a 'dear filtratetis 
obtained, and the zinc precipitated in 200 cc. of the solution. It is 
stated that up to 12 per cent, of zinc carbonate or oxide may be 
detecteef in many qualities of lithopone.^ ^ • 

tj. S. Remington and (i. Smith ^ recommend t^e follov^Jng method of 
analysis as rapid, exact, and generally applicable. The sample is first 
tested for tsa-itS* of llrorf, zinc, calcium, and bariuVn soluble iiv water. 
A separtete portion is tested for b^ritim carbonate the percentage of 
which i| determined, if necessary ,«by di^^olving 2 g.*in 50 c.c. of dilute 
hydrochloric acid, filtering, ^nd*pr®cipitatifig the barium * soluble in 
hydrochi»ric acid with dilute aufphurie acid. For tKe determination 
of the barium sulpjhate a^d zinc sjriphide 0*5 g. df the sample is 

• ♦ * • • t • * 

^ Z ^rtgmo, Chem,f 1902, 15, 802 Soc, 1902, 21,«I45, 

^ ^aoiAchouc ei Guita^Pef 6, 3259 ; /. Soc. Chem, Ind.^ 1909, 28, IO49. 
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mixed with 25 c.c. of water at 40"", 0 5 g. of bromine added, the con- 
taining flask covered with a watch-glass, ^d set aside for oii|p hour 
during which it is» occasionally agitated; 10 c.c. of concentrated hydro- 
chloric acid is then added, the excess of bromine expelled by heat, 
then 25 c.c. of water added, the contents of the flask boiled and filtered, 
and the^ residual barium sulphate washed, dried, ignited, and weighed. 
The filtrate is • precipitated with barium chloride, and the barium 
sulphate formed is weighed ; the proportion of zinc sulphide is then 
calculated from the weight of barium sulphate obtained. 

For the determination of the total zinc, 0*5 of the sample is 
treated with'ihydrochloric acid, boiled until all the sulphuretted hydrogen 
has been expelled, a little dilute sulphuric acid added, the solution 
again boiled, and the zinc precipitated as carbonate and weighed as 
oxide. This, less ^he weight of zinc oxide corresponding to the zinc 
sulphide found, gives the content of zinc oxide. Should any barium 
carbonate have been found, the corresponding weight of barium sulphate 
must be deducted from the weight of the total barium sulphate 
(estimated as such), and added to the weight of barium sulphate 
corresponding to the zinc sulphide. If salts of iron, calcium, or barium 
are present in the solution containing the zinc, these must be separated 
by ammonia and ammonium sulphide. Analyses of 12 average 
samples of English lithopone are given in the paper ; in these the 
percentage of barium sulphate varie^) from 58-16-8080, that of zinc 
sulphide from 21 54 t 33 92, that of zinc oxide from o 28-3 36, and that 
of barium carbonate from nil to 0*98. 

(d) Volumetric Method. — H. AmseP uses the following method: — 
*50-75 cc. of the hydrochloric ’acid solution, filtered from barium sulphate, 
is treated uith i c.c of 10 per cent, ferric chloride and 20 c.c. of a 
40 per cent, solution of neutral potassium tartrate; the solution is then 
neutralised with ammonia and boiled. If the solution is not clear 
n^ore ammorwa-is added. The solution is then treated wit|j a standard 
solution of potassium fcirocyanidc until all the zinc is precipitated, this 
being recognised by bringing together a drop of the solution and a drop 
of strong acetjc acid on a white porcelain plate, when a blue coloration 
(Prussian blue) is immediately produced. T^e zinc oxide or carbonate 
is estimated separately by extracting with 5 per cent, acetic acid. 
The volumetric nfbthod of estimating zinc* in* liflfopose has the 
advantage of rapidity, ^ 

II. Estbnatiofhof Zinc Suiphide by de^ei mining the Snlphti^ present 
as Sulphide, (f^) Graviijietric MetJiod^P.^ Forth ^ carries out this 
estimation according to Jannaseh’s m*e1»hod by heating the lithopone in 
bromine Vapour And collecting tlje rcsulUijg sulphur broipide in dilute 

1 15, 174 - 

Fafhen-Zeiu^ 1909, I4>*I986. 
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hydrochloric acid. The bromine is conducted over the lithopone, 
contained in a boat in a glass tube, in a stream of carbon dioxide.^ 

When barium sulphide, which occurs extremely rrrely in lithopone, 
is present, J F. Sacher^ recommends that the sample be extracted with 
water before estimating the sulphur present as zinc sulphide. The 
sulphide-sulphur is then estimated by treatment with metallic 'tin and 
hydrochloric acid, and passing the evolved hydro^gen sulphide into an 
ammoniacal hydrogen peroxide solution; the resulting' sulphate is 
then precipitated with barium chloride. The apparatus used consists 
of a cylindrical glass vessel about 20 cm long, and 2 cm. wide which 
can be hermetically closed by means of a glass stopper pfovid^d with 
a two-way cock in connection with a gas inlet and outlet tube apd 
a funnel tube. The absorption tube containing ammoniacal hydrogen 
peroxide is connected to this. In carrying out ethe dete;*miiiation 
1-2 g. of the purest tin, then 'the weighed substance (05 1 g) packed 
in tinfoil, and ovei this another layer of tin are successively placed in 
the apparatus, concentrated hydiochloric acid is run in through the 
funnel, the vessel dosed by turning the tap, and heated in an oil-bath 
to the boiling point of the hydrochloric acid When the tin is dissolved, 
the decomposition vessel is connected with a hydiogen apparatus and 
the last traces of hydrogen sulphide driven over into the absorption 
vessel, 

Sacher suggests a correction, in the estimation of barium sulphate 
in the residue, as the results come out about o 7 per cent, too low, in 
consequence of paitial solution of that substance in the hydrochloric 
acid solution of stannous chloiide. He transfers the contents of the 
decomposition vessel to a flask and dilutes with water to 300 c c , adds 
a few cubic centimetres of 10 per cent, barium chloride solution, boils, 
and allows to stand for a consideiable time in the cold.^ 

{b) Volumetric Method. — 11 . Wolff‘S directs attention, in the first 
place, to th^ sources pf error in the method of estimating the content 
of zinc by difference, and then to the inconvcnic*ice of precipitating 
zinc as sulphide and carbonate. In the latter method, when calcium 
is present (in lithopone “yellow seal'*), it is precipitated , with the zinc. 
Hettherefore recommends the precipitation of the zinc with hydrogen 
sulphide from a weakly acid solution In contrast wdth this, the 
methods df>pending on the oxidation of sulphide-sulphur have the 
advantage? of being direct methojls; but have the disadvantage 
that if ^u^phates (zinc sulphate, gypsum) <are prcsciit the estimation 
of the sulphuric acid already piqsent is ne/'essary, and they thereby 
become •mdirect. These disad^vantages are overcome by iodomefric 

t f 

^ } afben-Ze 1910, 15, 1810. * 

2 C^, Chem , ZhU , 1909, 33 941 , hoc , C 1 909, pS, 1066. 

^ ^ i ^ arben - ZetL , 1910, I5,"l859. 
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methods. Wolff removes any barium sulphide present by boiling the 
weigjied sample with 2 per cent, acetic acid. After this treatnjent the 
lithoponc is mix(?d with o-5~i g. of sodium carbonate in a 200 c.c. flask 
fitted with a tap-funnel and delivery tube, and hydrochloric acid is 
added through the funnel. The carbon dioxide evolved displaces the 
air and prevents oxidation of the hydrogen sulphide. On boiling, the 
latter is driven over ^into the receiver of two Feligot tubes containing 
respectively* 50 cc. and 2-3 c.c. of iV/14 iodine solution. After combin- 
ing the two solutions the excess of iodine is titrated back with A^/14 
thiosulphate solution. One cc. iodine solution used coi responds to 
4-873 mg. ‘%inc sulphide. In the control estimations, or in the first 
estimation provided that the zinc content of the sample is known 
approximately, the 50 cc of iodine solution are divided, instead of 
placing tjie whole»amount in the Feligot tubes, and a sufficient quantity 
is introduced into the geneiatmg flask ^ ensure the decomposition of 
some nine-tenths of the hydrogen sulphide at the moment of formation. 
A large excess of iodine (w ith litho])one red seal o 3-0 4 g.) is used. 

This method has the advantage of being lapidly carried out and, 
according to Wolff, gives more reliable results than those obtained by 
the double zinc estimation, especially when zinc oxychloride is present, 
as the latter, even with 5 per cent acetic acid, is not dissolved without 
leaving a residue, but only on boiling with 10-15 cent. acid. When 
either OAycJdoiidcs or o\ysnlphatcs are present, the method of double 
zinc estimation giv«s values up to 2 per cent too low. 

In order to obtain a coirect idea of the composition of lithopone 
and especially of the distribution of the zinc, Wolff recommends that 
in the qualitative analysis *the substance be treated successively with 
cold and then with hot 3 per cent, acetic acid, with hot 10 per cent, 
acetic acid, and finally with hydiochloric acid. 

W. L. Austin and C. A. Keane ^ recommend the estimation of the 
iotal zinc Vblumetrically and that of the zinc .^sulphide jndircctly*by 
oxidising the sulphide-sulphur to sulphate. The gravimetric estimation 
of the zinc as carbonate is inaccurate in presence of calcium and iron, 
both of whiefc are us^ually pie^cnt, and its precipitation as sulphide is 
a lengthy determination. They regard the oxidation and subsequent 
precipitation of the sulphide- suiphur as simpler and easier to carry 
out than the determination of the hydrogen sulphide • evolved on 
decomposition. ♦ 1 ♦ 

For the voli«netric estimation^ of the zinc a method djvised by 
A. Voigt*‘^ for the analy^^jis of »inc;*ore^ an<j products was employed 
wKich is sufficiently accurate* for iW estimation, and whith has the 
advantage tha# the fesults arti» not^ afff qted by ♦the presence of iron 

•1 \ tW/i f/, 1*91 A 37 > 238- ’ . 

2 /. angew, Chenu^ 18^9, 2, 307. 
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or calcium. For the oxidation of the sulphide-sulphur either bromine 
or nitri^ acid may be used , the former was found preferable, ancj the 
estimation is carried out on the same lines as proposed by Remington 
and Smith. This combination was found more rapid and adaptable 
than previous proposals, and sufficiently accurate for technical purposes. 

The method of analysis is as follows ; — Five g. of the finely ground 
sample is treated with concentrated hydrochloric aciid and a little 
potassium chlorate, the whole evaporated to a small bulk ofi the water- 
bath, taken up with boiling water, and the residual barium sulphate 
filtered off and thoroughly washed. The filtrate is collected in a250cc. 
graduated flask, made up to the mark, and aliquot portions talten for 
the estimation of the total zinc by Voigt’s method (p 298).\ The 
potassium fcrrocyanide solution is made up by dissolving 46 g. qf the 
crystallised salt in a litre of water, and is standardised by a solution of 
zinc chloride containing 12 447^ g of pure zinc oxide per litre ; i c*c. of 
this solution is equivalent to o 01 g. of zinc. For the estimation, 50 c.c. 
of the above filtrate is taken, 10 cc. of a solution of tartaric acid (200 g. 
per litre) and 10 c c of a solution of ferric chloride (60 g. per litre) added, 
the whole diluted to about 200 cc, made just alkaline with ammonia, 
and titrated ; the completion of the reaction is determined by adding a 
drop of the solution to dilute acetic acid (1:3) on a pitted porcelain 
plate until a permanent blue colour is produced After a preliminary 
estimation a sharp end-reaction is easily secured, and it is not affected 
by the presence of an excess of ammonia In a scries of tests made, in 
which the quantity of ammonia added was increased up to twice the 
amount necessary for neutralisation, the maximum difference in the 
titrations did not exceed o 1 5 c.c. 

For the estimation of the sulphide-sulphur, o $ g. of the sample is 
oxidised with bromine after the addition of water, hydrochloric acid 
added, the residual barium sulphate filtered off, and the sulphuric acid 
in •^the filtrate precipitated by barium chloride. By cklfculating tht 
sulphur thus found to zinc sulphide, and subtracting its equivalent of 
zinc from the total zinc estimated volunietrically, the content of zinc, 
other than sulphide, is obtained by difference, as s,tated above. 

The following methods are recommended by the American Society 
for Testing Materials,;^ ‘ 

Insoluble^ffd^Total Ztnc, One g. of th^ sample ts put in a 200 c.c. 
beaker anS 100 c.c. of concentrated hvUrochloric acid added. About 
I g, of pat&s^ium chlorate is rftixefl and ^dded in small portions, and 
the liquid then heated on a steVm-^ath unt^il ebout half is ev^aporatejd. 
The sampl6 is then diluted, with* water, 'and 5 c.c. of dilute sulphuric 
acid (i : 10) a^ded. % After hoiling, it is allowed lo settle, the insdluble 
matter (v^hich •should be only ^barium ‘s6Iphate) if?ltered, washed, 
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Ignited, cooled, and weighed. A qualitative examination for alumina 
and i^ilica is made. The insoluble matter should then be e^^amined 
under the microscope for the presence of natural crystalline 
barytes.^ 

The sample may also be examined direct. The filtrate from 
insoluble matter is made alkaline with ammonia, acidified with hydro- 
chloric acid, 3 ’c.c. of hydrochloric acid added, and the liquid diluted 
to about 250 c.c. with water, heated nearly to boiling and then titrated 
with potassium ferrocyanide solution as under zinc white (p. 450). The 
result is calculated to Zn. 

Zinc O^nde. A 4 g sample of the lithopone is treated for four 
hours with 200 cc. of i per cent acetic acid at room temperature, 
with occasional stirring It is then filtered by suction on a double 
filter pap^r and washed with cold water. Thirteen c.c. of concentrated 
ammonia is added to the clear filtrate, which is then neutralised with 
hydrochloric acid and 3 c c. of concentrated hydrochloric acid added 
in excess. After heating to boiling it is titiatcd with potassium 
ferrocyanide, using uranium acetate solution as an outside indicator. 
The result is first calculated ZnO, then to Zn, and subtracted from the 
total Zn. The difference is calculated to ZnS. Any ZnCO^ or ZnSO^ 
is included in the ZnO. 

Zinc Sulphide, o 5 g. of the pigment is placed in an evolution 
glass with about 10 g. of '‘feathered’* or mossy zinc, 50 c.c. of watei 
is added and a stopper carrying a sepaiating funnel and an exit tube 
is inserted. Fifty c.c. of concentrated hydrochloric acid is run in from 
the funnel, the exit tube having previously been connected to twe 
’absorption flasks in series. ’The first flask should contain 100 c.c. ol 
alkaline lead nitrate solution, the second flask 50 c.c. of the same 
solution as a safety device. 

After the acid has run into the evolution flask, it is heated slowly, and 
firfially boilcc?ifntil the first appearance of steam ijn the firsf absorption 
flask. The apparatus is disconnected and the lead sulphide allowed tc 
settle. After filtering it is washed with cold water, then with hot 
water till the.»washings are neutral to litmus paper and give no reaction 
to lead. The lead sulphide precipitate is dissolved in hot dilute nitric 
acid, evaporated with sulphuiic acid until fumes are evolved, and finally 
weighed as lead sul*phate. TJic result is calculateci frdrhl^bS or PbSO^ 
to ZnS. The alkaline lead solifti^n is ^^ade as follows: — IndS 100 c.c 
of potassium hydroxide (sC’g.^in I40*c.c. of wate^r) a saturated# solution 
of lead nitVate is poured ('iSO^g. in sopc.c.^of w^ter) until the precipitate 
ceases to redissolve. Constant stirring is necessary whilf mixing 
About tfiree volumes bf the le^d soluticvn^will bej required for one ol 
the ajkali. 

* ^ S. Stewart, /. Soc* Chem, 'ind,^ I920, 39, i88^T. 
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Instead of absorbing the sulphuretted hydrogen evolved in alkaline 
lead nitrate solution, a solution of 8 g. of cadmium chloride in 2 $p c.c* 
of water and 150 cc of ammonia (sp. gr. 090) m»/ be used. The 
precipitate of cadmium sulphide may be filtered on a weighed Gooch 
crucible, washed with water containing a little ammonia, dried at 100®, 
and weighed. The result is calculated to ZnS. It is better t?o filter 
the cadmium sulphide on a small filter and to wa^h as 'above, then to 
place the filter and precipitate in a beaker and dissol\fe in hydro- 
chloric acid and potassium chlorate (keeping at room temperature at 
first), filtering out any pajDer pulp or insoluble matter, making the 
filtrate alkaline w ith ammonia, acidifying with hydrochloric ^id, heating 
to boiling, and precipitating with barium chloiide in the usual manner. 
Finally the barium sulphate is filtered, washed, ignited, and weighed. 
The result is calculated to ZnS. < ^ 

For very rapid work the cantents of the absorption flask, aftfer all 
the hydrogen sulphide has been absorbed, may be washed into a Vpssel 
with cold water and diluted to about i litre, acidified with concentrated 
hydrochloric acid and titrated with standaid iodine solution, using starch 
indicator (the precipitate should be comjiletcly dissolved) The iodine 
solution is prepaicd by dissolving about 12 7 g of puie resublimcd 
iodine in 18 g of potassium iodide in a little water and then diluting 
to I litie. 

Barmjn Sulphate is estimated directly by weighin‘4 the residue 
obtained on decomposition of the lilhopont with h>drochloric acid> 
bearing in mind the paitial solubilit> of barium sulphate in the latter 
(Wolff) In addition, the estimation of moisture, which should not 
amount to more than o 2-0 3 per cent , must be carried out 

Fastucss to Light, The permanence of lithoponc in light is 
practically important in view of the action of zinc w^hite on pigments 
in the light Lithopone turns grey in the light, as^ Thipson observed 
a»long ago^as 1880 « The reaction is reversible and tafkts place more 
feebly under glass It is therefoie caused partly by ultra-violet rays.^ 
The components of lithopone responsible for this lack of permanence 
in light *do not yet appear to be definitely kngwn. It, is attributed 
partly to the presence of soluble salts of zinc ^nd of other metals,^ 
partly to zinc sulphide in the hydrated form,^ and partly to zinc oxide 
and basic »inc Valts. According to Osswald, the* grey coloration oi 
I ithopont^ behaves as if it progejided ^r6m finely divided metallic zinc.^ 
The cayaes^ of the discoloration *of Hthbpone when*t exposed to light 

• 

^ In opjioiition to thi^ view, l/, O. Lehmann, Mot^ula} phwik^ 1888, vol. i., p. 240. 

® Alberti, R. Stcinau, Ostwald, and Braucr. • ^ - 

• * de Stuckle.** * • • * • • 

** ChurcVOstw^ld, Faihin &ncl Malaet^ p. ^47, anti \\ Scheiber, /Ir # und Zack^ 1924 
No. 21, 148- « < • * 
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have also been investigated by W. O'Brien/ who also concludes that 
zinc is formed, and by A. Eibner.^ Steineu® regards moisture as a 
cause of the inst^fbility of lithopone to light, and the col9ur change is 
influenced by the presence of chlorides, especially zinc chloride. For 
the preparation of a lithopone stable to light a well-regulated control 
of the cTilorides content is essential. 

G. Rigg^ claims tp produce a lithopone unaffected by light. 

A. Eibn^r^'^ considers that the darkening is due to the presence in 
the original raw materials of impurities which interact with the sulphide 
pigment as in the case of vermilion. 

F. Bay^r u. Co.^ have patented the use of titanium oxide as a 
stabilising agent. 

Behaviour of Lithopone in Mixtures with Pigments amtaining Lead, 
The stability of varieties of lithopone towards white lead appears to 
depend on their quality. A mixture of lithopone ‘‘green seal” and 
white lead free from acetate, mixed in water and allowed to settle, 
showed no change of shade in two years, whereas another mixture 
containing an inferior quality had become black in spots on the side 
exposed to the light in fourteen months. Thus even in the latter case 
only a reaction accelerated locally by the action of light took place. 
It was observed that when pale mixtures of lithopone “ green seal” wdth 
coal-tar dyes were exposed to the light, the lithopone did not injure 
the permanence of such mixtures, but diminished it probably just as 
little as whiting, hcfivy spar, and white lead w'ould have done. On 
the other hand, such mixtures have been repeatedly observed to turn 
grey. Thus it appears that doubtful lithopone still comes into the 
market. 

Stcinaii:^ Sulfopone"^ is obtained by treating a solution of calcium 
sulphide with absolution of zinc sulphate at 44"", and heating the 
resulting mixture qf zinc sulphide and calcium sulphate to 250" -300°. 

♦ For some* years white pigments have been prepared frpm artificial 
zinc sulphide. Acdbrding to J. C. A. Meyer of Lyons, this possesses 
even greater covering power yian wLite leaJ. lie found that if lead 
salts (about z^per cent) are present, the iroq in zinc lyes comes down 
with the lead pn treatipient with hydrogen sulphide, and thus pure zinc 
solutions are obtained for precipitation with hydrogen sulphide. The 
precipitated zinc sulphide is, then dehydrated!^ A very* fi^^ely divided 
and therefore good covering zinbjsulphijd'C was obtained by dc'^tucklc,® 

^ ^ f ^ *9» *»,/• ^ Af/ , I9J|5, 34, 290. 

* ^ CV/tfw. ZeU.i 1923, 47, 13. • * • them, /at,, 1921, 45, 1238* 

Pats. avi 1 260812, 1-918. 

® Fathen^ZeiL, 1^25, 30, 2600. * * fter. Pat. ^ • 

I Gei. Pat. 745(JI. ’ Gei. Pat. I 9253 i» 2\th August 1906. 

® Ger. Pat. 167172) 19th February 1904. * » * \ 



464 PAINTS AND^ PIGMENTS 

by precipitation from a mixture of metallic zinc and caustic baryta 
solutiop, hydrogen being evolved at the same time ; or by precipitation 
of zinc sulphide at the negative electrode of an electrolytic bath.^ 

Antimony Oxide. 

(Timonox ; Antox ) 

This pigment results from the condensation of anthnony oxide 
produced by the roasting of antimony ores (Antox, Costerfield Mines, 
Australia) The colour varies from pure white to dull orange, depend- 
ing on the temperature of working. The pigment timonox has a 
sp. gr. 5 4 and produces a good paste when ground with lo p^r cept. 
linseed oil. It has no accelerating effect as a drier, can be reduced 
with barytes or blended with zinc white; it is upaffccted^ by\ ultra- 
violet light or by sulphides ♦under ordinary conditions It is^ non- 
poisonous,^ and the following comparisons indicate its relative value : — 



c c M< hum 

Total 

Pigment 

Keiiuiitd 

Uelati\( III hni; 

UdatiM 

Volume of 


per gr I’lgmc nt 

Povi f rs of 

Oimltios of 

Paint contain- 


at Pamtiug 

K itml Masses 

lanitsofl ]ual 

ing 1 g of 


( onsistoiuy 

of 1 igiuc nts 

Cousistom us 

I'lgmt lit 

Lithopone . . ] 

1 0 61 

2 0 

100 

100 

0 85 

Zinc oxide . 

1 07 

2 66 

S7 S 

63 

1 25 

White lead 

0 42 

3 8S 

6 

77 

0 57 

Timonox, “Green btar * 

0 57 

2 34 

85 4 

95 5 

0 76 


Timonox “ Red Star ’ hxs 98 5 pei cent solubility in Hd, vshiUt “Gieen Star’ has 96 per 
cent, solubility. 


Analysis {d) Gravimetric Determinafion of Antimony as SbgSj. — * 
o S g* of the pigment is boiled with 30 c.c. of hydrochloiic acid (i : i) 
in a tall 200 c c covered beaker until solution is complete, care being 
taken that the liquid does not reach a temperature much above no'", 
to prevent^ loss of gntimony chloride by volatilisation*. 100 cc. 
hot water is added and the liquid allowed to dig\ist on a steam bath 
for a short time, when it' is filtered through a 9 cm. ashless filter and 
washed with hot distilled water contapiing a little hyd^'ochloric acid 
to prevent formation of the oxychloride. The cojd solution is saturated 
with sulphuretted hydrogen, the acidity reduced by careful addition of 
dilute ammon^a^, 'using litmus paper as in,dicator, ahd the liquid •heated 
to boilirfg, whilst the gas is ag^in p^s.^ed for about ten minutes. The 
orange-coloured precipitate is allowed Vo 'settle and the supernatant 
liquid is filtered througli a Gooch or ucible* previously ignited at 280° 
in a current of CO^ After washing the precipitate twice decanta- 
tion with wjater acidified «\Yith^ acei^^ic acid a*nd colitaining a little 

^ Ger. Pat ^67498, X4th August 1904; V/ ^lso, Ger. EUt I7i872,rt3rd Marth 19^4. 

2 H.^. Clarke,/. Oti and CoL Chtm, Assoc,^ 1921, 4, 2. 
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hydrogen sulphide, it is transferred completely to the crucible and 
washing is continued until free from chloride. The crucible is dried 
in a steam oven,Jieated at a temperature of ioo‘'-i30° for two hours 
and finally at 280^-300° for a similar period in a streain of carbon 
dioxide according to the method of Henz.^ 

If tan is present, the precipitated sulphides obtained by the above 
method must be dissolved in hydrochloric acid, with the assistance 
of a crystal lor two of potassium chlorate and the antimony sulphide 
reprecipitated in the presence of oxalic acid. The acidity of the 
solution containing the antimony and tin is reduced as far as possible 
with sodium hydroxide, and oxalic acid is then added to the hot 
solution until saturated. Hydrogen sulphide is passed rapidly until 
all the antimony has settled out and the precipitate is treated by the 
method already described. In very accurate work a double precipita- 
tion of the antimony sulphide is essential. 

Determination of Tin. — Since the proportion of tin is not likely 
to exceed i of 2 per cent , it may be separated in the filtrate as metal 
by adding hydrochloric acid and a plate of clean zinc. After ten to 
twelve hours the tin so precipitated is carefully collected, washed and 
mixed with an excess of ferric chloride and a little hydrochloric acid. 
When solution is complete the ferrous iron is titrated with Njio 
permanganate. 

{b) Volumetric. — For this Mohr’s method may be employed. 0-2 g. 
of the pigment is dissolved in hydrochloric acid and boiled for a few 
minutes. One g. of tartaric acid is added and the solution rendered 
just alkaline with sodium carbonate, finally just acid with tartaric acid. 
Twenty c.c. of a cold saturated solution of sodium bicarbonate is added 
and the solution is titrated with Njio iodine solution, starch being 
added towards t;he end of the reaction. One c.c. of A^/io iodine 
= 0 00607 Sb. Lead, even in relatively large quantities has no influence 
on the result*', but tin in the lower state of oxidation, as well as arsenic 
and iron in more than traces, affects the process. Any ars^nious oxide 
present in the pigment, however, is largely >>emoved in dissolving the 
sample in hydrochloric acid atid only the merest traces of ir^n would 
be expected in a white pigment. 

I 

Titanium Oxide. 


(Titahium WhHe.) 

Titanium oxide is obtained from a variety ^of ilmenite (Egersund, 
Norway). The ere is freec?fr«)n^ associated miii»crals and the concentrate, 
containing 47*5 ner ceqt. titaniu|;n oxiefe, is finely powdered and heated 
with concentrate/J H^S04 to give Soluble’ su4>hates qf iron and titanium : 

a 903,^7, 18. ■> 

IL 


20 
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the mass is extracted with water, and on heating the reduced solution to 
boiling titanic acid is precipitated. The acid is dried and calcined at 
a high^ temperature. In practice barium sulphate i,s mixed wiih the 
solution befoVe precipitation, and the small amount of calcium phosphate 
and barium carbonate is added to the pulp before calcination. This 
addition has been found to produce a more uniform product The 
composite product, titanium white, is ‘‘extra” and “^standard”; the 
latter contains 7 5 per cent BaSO^ and 2 5 per cent 1 1O2. Tke pigment is 
non-toxic and unaffected by sulphuric acid and sulphuretted hydrogen. 
The paints show no tendency to crack and peel, and a combination of 
titanium white and zinc oxide is durable. The pigmei^t possesses 
greater opacit} and spreading power than any other white pigihent^ ^ 
Analysis, Volumetric Determination of Titanium Didxide. — 
Russell^ has pointed out that titanous sulphate in^4iV' sulphuric acid 
solution is not readily oxidiii^ed by contact with air in +he olrdinary 
course of an analysis and the necessity for titration in an atmosphere 
of carbon dioxide does not arise. This fact, coupled w ith the use of 
liquid zinc amalgam, renders the volumetiic determination of titanium 
a comparative!} simple and accurate process. According to Nakazono,^ 
the zinc amalgam is best made by adding sufficient pure zinc to 
mercury to make a 3 per cent amalgam and warming for one hour on 
the steam bath with dilute sulphuiic acid. The product is then washed 
and the liquid amalgam is run off from any solid or semi-solid amalgam. 
To determine the titanium by this method 1 ^g of the pigment is 
heated in a Pyrex beaker with 25 cc of concentrated sulphuric acid, 
gently swirling to avoid caking. (U S specification 20 c c concentrated 
sulphuric acid and 7 to 8 g of ammonium sulphate.) After cooling' 
and diluting, the liquid is filtered into a 200 c c flask and made up to 
bulk. Fifty cc of this solution is transferred to a spparating funnel, 
200 g. of the 3 per cent, zinc amalgam added and the liquid is shaken 
for about one minute. (U S. specification, a Jone^ reduetor (p. 75) jjs 
used.) Thd amalgam is run off as cleanly as pos^bible and the liquid 
in the funnel is titrated with Njzo KMn04, or with standard ferric iron 
solution using potassium thiocyanate ks fndicator. The solution may be 
reduced and titrated agaifi to afford confirmation i cc A720 KMn04 
► sso 00400 g. Ti02 The amalgam pay be usc 5 for mahy reductions 
before losing ,119 efficiency. The U S Governmont specificatipn for 
titaniurr^igment, dry and paste, difiOsrs slightly in detail from the 
above, as mcjicated in the additions iA br^icl^cls.'^ Tl^e barium sulphate 
may be iietermined by igniting and \jreighin^ the precipitate of BaSO^ 

’ N. IlSaton, y. A"o>, .So/ . I//3, .1922 R. H Monk .ind C. Whittemorc, L^anad, Chem, 
AAf/., 1925,9. 153. , I . • i-* ' ^ \ 

* ®y. Cheft, .So/., ,1926, IC9, 4^7. * , ^ {hem, Soc,^Jifyan^ 1921, 42, 526. 

f * Ctre, Bureau 0of Standards ^ 1924, No. 1^3* 



467 


GREY l^GMENTS 

obtained in separating the titanium. In the U.S. specification the 
iron ojjcide is determined as follows : Prepare a standard ferric splution 
containing ooooi*g. Fe per c.c. Weigh a i g. portion o^ the sample 
and dissolve as above, transfer without filtering to a 200 c.c flask, cool, 
fill to the mark, and determine iron colorimetrically in 50 c c. aliquot 
parts by ammonium or potassium thiocyanate. It is advisable to add 
a drop or two of Nlj^o KMnO^ solution until a faint pink colour is 
obtained, to t)xidise any ferrous iron. 

III. Grey Pigments 

(Slate Grey ; Stone Grey ; Silver Grey ; Mineral Giey.) 

Slate grey is obtained by grinding and levigating special kinds of 
grey slate which occur in several parts of Germany, chiefly in the Eifel 
and near the. Rhine. It is a fine yellowish- or reddish-grey powder 
which dries very hard as an oil colour, and is consequently used for 
priming paint* and for the prepaiation of putty. It is frequently 
imitated by a mixture of white clay, black, ochres and ultramarine. 

Zinc Siilphtdc Grey^ Zinc Blende^ Cafaniinc White. Powdered dense 
zinc blende has been sold for a considerable time under these names 
for industrial oil painting, especially of iron bridges, etc. It is also 
artificially made up by tinting lithoponc, etc, with charcoal black, 
ultramarine, and ochres, in order to obtain the light yellowish-grey tint 
of natural zinc sulphide grey. The latter can easily be distinguished 
from such preparations, for on treatment with hot hydrochloric acid it 
does not at first noticeably change it'^ tint, whereas the tint of the 
artificial products changes o^ing to the decomposition of the ultra- 
marine. On fuither heating, the natural product dissolves completely 
or leaves a slight residue of silica, and h}drogen sulphide is vigorously 
evolved ; with the substitutes, how^ever, barium sulphate mixed with 
carbon remains bchihcl. 

• Zinc Grey- 

This name was originally used for the Dust obtained on 

smelting zinc <yes, and. containing about 98 ycr cent of metallic zinc. 
It dries hard in oil an^ is therefore particularly adapted for use as a 
paint on iron ; it also preserves thenron from rust. ^Substitutes for this 
comparatively expensive coloyr are prepared from gre*y^ zific oxides, 
which owe their colour to the ’.^resen^Cfc of carbon, and aCfd* waste 
products in the n^anufacture t>f ziiu! white. the 

market unefer such name«^ as Deammd ^rey,^ Sih^er grey, Platiimm 
grey, and they are also prepaf-cd arHficialJy as mentioned •in the 
precedi«g *paragi 4 ph. •They ^ret distinguished ftom ge^puine zinc 
grey t^y the difference ir\ ‘specific* gravity ; also hy estimatJhg the 
zinc content, or by*proving the presence* of a residue insoluble* i^^^ac^ds. 
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IV. Yfxlow Pigments. 

The Yellow Ochres* 

(Ochle; Yellow Earth ; Oxide Yellow ; Chinese Yellow.) 

The typical natural varieties of ochre are disintegration products 
of ferruginous minerals containing felspar. ^ The latter is brolgen down 
into clay in process of weathering. The ochres therefore represent 
clays coloured by ferric oxides, and their hue dfcpends qn the amount 
of ferric hydroxides contained, and to a lesser extent upon the 
degree of hydration of these hydroxides. The typical ochres must * 
be distinguished from the siennas. The former, owing to^their content 
of clay, possess more or less body ; the latter, on account oi^ the low 
content or absence of clay and the high water-content of the colounng 
principle, are glazing colours, and it is accordingly incorrect to include 
them with the ochres The siennas also contain slight 5.mQunts of 
oxides of manganese. The covering power of the natural and artificial 
ochres (see Mars yellow) depends on the degree of hydration of the 
ferric oxide present. The colour of the ochres varies, according to 
the content of clay and the degree of hydration of the ferric oxide, 
from palest yellow through golden yellow to brown-yellow. 

The preparation of ochres for use as paints, artists' colours, etc., 
is confined to the processes of crushing, levigating, sieving, drying, 
grinding, etc. Only the finest qualities are employed for artists’ use. 
Standards of purity employed for artificial mineral ground-colours 
cannot be used in valuing ochres, for, apart from the exceptions 
mentioned, they are varying mixtures of the colouring components 
and the substratum. The chemical analysis is therefore confined to 
the identification of the components of the mixture, and only in special 
cases is a determination of the quantitative composition of value. 

All ochres, especially those for use as paints, do not come into 
the market in the natural condition. The mort bro;^nish varieties 
in particular are rendered lighter in colour by the addition of wfiite 
substrata, such as heavy spar, whiting, blanc fixe, and lithopone, and 
more brilliant by the addition of chtoihe yellow.^ 

, The following are typical analyses of ochres from vafious sources : — 


. • *' 

Olford ©(.lire 
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’ / ^ QT. Zerr and Rubencamp, Colour Manufaclure^ p. 385 . 
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Analysis. Ochres dissolve partially in hydrochloric acid, leaving 
an insoluble residue of silica. Any barytes present will be found in 
this residue by the flame test. The solution (which should be yellow) 
is tested for iron, aluminium, calcium, magnesium, etc., in the usual way. 
Should the solution be greenish, chrome yellow is probably present, 
and cart be detected by cooling, when crystals of lead chloride will 
separate, and 6y thp usual tests for chromium. The presence of 
whiting is ^own by effervescence with acid and the presence of 
calcium in the solution. 

Methods Jor Rout hie Analysis of Yellow, Orange, Red, and Brown 
* Pignients containing Iron and Manganese, 

Specific Gravity^ The specific gravity is determined by Thompson’s ^ 
method, orHby means of a 500 c.c. pyjvnometer, using c.p. benzine 
and 10 to 20 g. of pigment (cf. Vol. I., pp. 128-29). 

Tinting Strength, The colours should always be compared with 
a carefully selected standard, o 02 to o 05 g. of colour is weighed out 
accurately, and placed on a large glass plate, and 12 drops of bleached 
linseed oil added ; then the whole is rubbed up with a flat-bottomed 
pestle or muller and i g. of pure ZnO added. The sample is then 
ground with a circular motion fifty times, and gathered up with a sharp- 
edged spatula, ground out twice more in a like manner, giving the 
pestle a uniform pr<;ssure. A similar amount of the standard is next 
weighed out and treated in exactly the same manner. Portions of 
each paste are placed on a microscope slide quite close together, and 
*a palette knife drawn across both samples so as to make them meet in 
a line (differences in tint are then easily seen). The tints, as shown on 
both sides of the, glass, are compared. The amount of pigment used 
will vary with the tinting strength; but usually it suffices to take 
about 0-02 g.^f the reds and about 005 g. of the ochres. , 

If it is desired* to express the tinting strength of ftie pigment 
quantitatively, the standard pigment is con;§idered to have a tinting 
strength of iqp, and the amount oT the standard pigment is vatied until 
the tints are matched. ^ , 

Added Colouring flatter, Thg pigment is tested successively with 
hot water, 95 per cent, ethyl alcohol, alcohdlic %oda*<ar potash, and 
acetic acid, chloroform, aqueoos sodiuip hydroxide, sulpb^’'#ic acid, 
hydrochloric acid,#stannous»chJo^de,^ncI^ other reagents ruajj be tried. 
The presence of an organic colopr ngay offen be notea by the 
characteristic odour given oTf on igrtifion. 

Analfi!sis of Uchresl^ The at iOo\*loss op ignition, insoluble 

^ Proc, Amer* Soc. TestmMats., I9I3» ^07. 

2 A.S.TM, Standards, 19^8, p.*66o. 
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matter, total or soluble iron, alumina, lime, and sulphur is determined 
as outlined under the methods of analysis of Indian Reds, etc. (p,«494), 
using I g., or an aliquot corresponding to this weight.* 

Tinting strengths are tested as above. Tests should also be made 
for solubility in water, and reaction to litmus paper. 

Lead Chromate If lead is present, it is removed in thd above 
scheme by nearly neutralising the filtrate from ,the insoluble matter 
with ammonia, cooling and passing in sulphuretted hydrogen to 
precipitate lead sulphide, which is then filtered and washed with 
sulphuretted hydrogen water The lead sulphide is dissolved in hot 
dilute nitric acid, locc of concentrated sulphuiic acid is*added, and 
the liquid evaporated till fumes of SO3 are evolved. After cooling, 
it is diluted to 200 c.c and allowed to stand for a few hourA then 
filtered on a Gooch crucible, washed with i per cent, sulphuric acid, 
ignited, and the lead sulphafe weighed. The result is calculated to 
Pb or PbO The filtrate from the lead sulphide is hejited to expel 
hydrogen sulphide, oxidised with a little nitric acid and made up to 
volume (if working on more than i g ). The iron is best determined 
in an aliquot part by the bichromate method. Another aliquot part 
is treated with ammonia, the precipitate containing Al^O^, ^"0203, 
CrgOg, Ti02 and phosphates 

Lime and magnesia may be determined in the filtrate 
The ammonia precipitate is dissolved in hot dilute hydrochloric 
acid, the paper washed with hot water, the soluUon cooled, oxidised 
with sodium peroxide, boiled to expel hydrogen peroxide, and again 
cooled. The cover glass is washed down and the whole diluted to about 
150 c.c. and acidified with sulphuric acief. A measured excess of a 
standard ferrous ammonium sulphate is added, then titrated back with 
standard potassium bichromate solution, and the percentage of chromate 
calculated Alternatuely, i g of the pigment is mqistened with water, 
5 cc of co^icentrated hydrochloric acid added, and thb 'whole boiled 
for a few minutes. After cooling, sodium peroxidd is added in excess, 
and the sample again boiled to expel hydrogen peroxide, then again 
cooled. ^Finally, the cover glass is washed off and the liquid acidified 
with sulphuric acid and the chromate titrated as s^bove, , 

« 

Siennas. 

(Terra Siena; Italian Ea/th ; Matogany Brown; Cashew Lake.) 
All t|jese earths ar§ distinguisfied freftn ’the typicSil ochres by their 
high content of iron and. of \^ater^ by the ,abf ence or piarkecl decrease 
in the refcftive amount of (jlay, and by the presence of small^ amounts 
of oxides of ^angasese. Tl^y ^Iso ^ffer outvJardly Irom the fiarthy 
and powdery ochres'sinae they forpi yellow -ftfown to ^ark brown «hard 
lumps wil/itt'conchoidal fracture,* 
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Mahogany brown is a sienna which has been ignited, ground wet, 
made-up in the form of pieces, and dried, • Cashew lake is a similar 
brown on to whicfl organic dyes are precipitated • 

The siennas are chiefly used as glazing colours in artistic and 
decorative painting, and especially for lacquering wood. Their cover- 
ing power, like that of the ochres, is improved by calcining The 
stability of ochres a^d siennas to light and air and their miscibility 
is unlimited * 

The darkening of ochres, and especially of unburnt sienna in oil, 
probably arises from their slight solubility in fatty oils, or from the 
gradual decrease in water-content of the hydrated ferric oxides, with 


production of darker coloured lower hydrates 
Anaijsi^ Typical anal) ses aic as follows — 

1 • 
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(llutst and Htiton, Painiefe CoioinSy etc , p 

iy6) 
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Methods of Anal) sis of Siinnas {and UnibtJ s) ^ After gently roasting 
to destroy organic matter, a test is made as under “ Analysis of Indian 
Reds,*' etc , p 494* 

Mangamsc may, be determined voluvicUtcally by the bismuthate 
m'ethod One ^ of the sample is ignited gently in a platinum disTi 
to destroy organic matter, then cooled, and ip c c of w ater, 4 c c of 
concentrated sulphuric acid, and %bout 20 cc of hydrofluoric, acid (if 
necessary a liUle sulphurous acid) added After evaporating until the 
sulphuric acid fumes freely, the sample is cooled and dissolved* in 
25 cc. of nitric acid (1-3) * • • 

If rib appreciable residue %remains, the liquid is transferred to a 
100 c.c. graduated flask, using 25*^ c. pf*the same dilute aci^f fb rinse 
the dish, then diluted to the ^lark with vfater aiad mixed thb^oughly. 
If t^ere is an appreciable rtsidue, ft i^.filtdVcd ®n a small filter, washed 
with watei;;, the residue ignited in a platinum crucible, and fuled with 
a little* sodium 9r potassium pyfosulphatet It is^^then dissolved ia 
water •with the addition *,01/ a litfle^ nitric acfd, .added 'fo tfie main 
1 A S,r.M, Siandafds^ I9i8*p^66i, 
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filtrate, evaporated nearly to dryness, taken up in nitric acid (1:3) 
and transferred to the flask as before. An aliquot of 10-15 is 
pipetted into a 200 c c. Erlenmeyer flask, and 30 ’cc. of water and 
10 c.c. of concentrated nitric acid (sp. gr. 1-4) and about 0-5 g. of sodium 
bismuthate added. After heating for a few minutes or until the pink 
colour has disappeared (with or without the precipitation of manganese 
dioxide), a few small crystals of sodium or potassium nitrite are added 
to dissolve the dioxide and the solution is boiled for seve/al minutes to 
expel the nitrous fumes, a little sodium carbonate being added. Water 
is added to bring the volume up to 50 c c , the liquid cooled to about 
15°, then about o $ g. of bismuthate added and the w hole'well .shaken. 
Fifty cc. of water containing 30 cc. of nitric acid to the litre i^ added 
and the whole filtered by suction through an asbestos felt into a ^CX3 cc. 
Erlenmeyer flask. The filter is then washed with* 50-100 rc. pf the 
same acid and a measured Wumc of standard ferrous ammonium 
sulphate solution is run in. Finally, the liquid is titiated back to a 
faint pink colour with standard permanganate. The number of cubic 
centimetres of the permanganate solution obtained, subti acted from the 
number corresponding to the volume of ferrous solution used, will give 
the volume of permanganate equivalent to the manganese in the sample, 
which, multiplied by the value of the KMn04 in Mn, gives the weight 
of manganese in the portion used ^ 

Manganese may be determined gravimetrically after the preliminary 
separation of iron and aluminium by precipitation as hydroxides by 
means of pyridine, according to (he method of Moore and Meller® 
Manganese remains unaffected. 

One g. of the pigment is treated in a 200 c c covered beaker with 
20 c.c. of concentrated hydrochloric acid, gently boiling until the 
pigment is decomposed. Distilled water is added 'and the liquid is 
again brought to the boil. The insoluble matter, is allowed to settle 
and the supernatant* liquid is filtered. The residue i^ treated afreuh 
with 10 C.C. of acid, dijuted as before and filtered. The combined 
filtrates* (about 200 c.c.) from the .insoluble matter are rendered as 
nearly neutral as possible using ammonia, and the iron and aluminium 
hydroxides are precipitated with pyridine, using a sligjrt excess only. 
The precipitate .is cpagplated by digesting for five minutes on a water 
bath, filtered t'hrough an ashless paper and washed with water cofltaining 
a few ^ops of pyridine. 'At |his* concentration manganese is not 
carried tdown, even if complfetcly oxidilecf and onlj^ one precipitation 
of the iron and aluminiuiA is/ neceparyf The §ltrate*is sligjitly 
acidifieef’ with hydrochloric acid, hydrogen peroxid^ addeij, and the 
manganese »is prerfpitateef’ with anhnoniaj filfered, ^Vashed, strongly 

^ Lordlind Demorest, Metallurgical / nUiysiSy 1913, 82. 

2/ ^mer. Cherry. 5 ?^., 1908, 30, 593. 
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Ignited and weighed as MOgO^. Alternatively, the precipitate may be 
dissolved in dilute sulphuric acid, a sufficient quantity of oxalic acid 
solution added and the excess titrated with standard permanganate 
solution. 


The EKamination of Mineral Colours for Arsenic. 

Methods M’or the approximate estimation of small quantities of 
arsenic are fully described in Vol. I,, pp. 433-448. 

C. Fischer,^ in examining mineral colours for arsenic, made use 
of the method of Mayrhofer, in which arseniuretted hydrogen is 
evolved and led into an Njioo silver nitrate solution, and the excess 
of silver titrated back with Njioo thiocyanate solution. Out of 27 
commercial sample^ examined, 13 gave no arsenic mirror in Marshes 
apparatus, W gave a faint, transparent cnirror indicating under o 01 
per cent. As^O^^, and 4 gave a strong opaque mirror. 

Gutzeit Test, A 4-0Z. bottle is fitted with a rubber stopper carrying 
a glass tube about 10 inches long, the end of which projects about 
I inch through the bottom of the stopper. The tube carries two 
plugs of cotton-wool at the lower end, and a roll of lead acetate paper 
occupying nearly the whole length of the tube. Over the upper end 
of the tube a cap of filter paper, previously soaked in mercuric chloride 
solution and dried, is fastened by means of a rubber band. One g. or 
a suitable quantity .of the pigment is placed in the bottle, 10 g. of 
arsenic free zinc added, followed by 10 cc. of arsenic free hydro- 
chloric acid containing i c c. of stannous chloride solution (see below) 
’per 100 c.c. of the acid. The'stopper is replaced and the action allowed 
to proceed for forty minutes. The yellow stain which develops on 
the prepared filtei* paper is compared with those obtained from standard 
arsenic solutions. This process, which detects one part of arsenious 
O’^ide in 2 miUions, is more suitable for pigments than Marsh’s tqst 
or its electrolytic modification. * 

The stannous chloride solution is prepar<!d as follows: Ten g. of 
tin is treated, with 30 cc. of concentrated hydrochloric acid and ioc.c. 
of distilled water, warrping on a steam bath to aid complete dissoludon, 
and the bulk is made up to 50 c.c. with distilled water. A further 50 c.c. 
of concentrated hyorochloric^acid is added afid the S#Uitipn is boiled 
down to SO c.c., filtered and tested for ysenic. If present^ -^further 
SO c.c. of acid is added and tlie ^oilihgV^peated. . ^ 

It is infportant to watcji the zinc jusedi in the* process, since? pockets 
containing arsenic are occasiohally *fijund in supplies whicjjt are for 
the mbst part ffee. 


1 (%/ i / m . / nii ^ , 1^03, r., 995. ^ 
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Artificial Ochres. 

(Mars Yellow; Siderin Yellow.) ^ 

These yehow iron colours are prepared, according to one method, 
by dissolving fenous sulphate in water so as to obtain a solution of 
sp. gr. I o6, warming in earthenware vessels, and introducing strips of 
sheet zinc. The precipitate which separates out forms, after being 
washed and dried, a bright yellow ochre-coloure5 and extraordinarily 
delicate powder similar in tone to dark Naples yellow Darker rust- 
yellow varieties are said to be obtained by using ferric chloride in place 
of ferrous sulphate. According to another process a solution qontain- 
ing equal parts of ferrous sulphate and alum is treated with Isodii^m 
carbonate, the mixed aluminium and iron precipitate is thomughly 
washed, and dried at a moderate temperature Thjs colour is known 
as Mars yello^v. By slight calcination it is converted into Mars orange ; 
by calcining at a red heat into Mais pio^ple, and by calcining at a white 
heat into Jlfafs violet These colours are dearer than the natural 
ochres, and they are used almost solely as artists* colours. They 
should not contain any basic sulphates A bright orange-yellow colour 
which is a basic ferric chromate is sold under the name of ^idei in yellow. 
It is described by Mierzinski as particularly applicable for water-glass 
painting. It is, however, little used. Nothing disadvantageous is 
known as regards the permanency in light and compatibility of these 
pigments. Mars colours can be distinguished f^om the ochres and 
ochre reds by being soluble in concentrated HCl and by containing 
a large proportion of alumina, but no silica. 

Realgar (As,S^) 

Orpiment (As A^). 

(King*s Yellow) 

• These naturally occurring sulphides of arsenic arc a^sb obtained its 
by-products in the roasting of arsenical pyrites. They are characterised 
by their poisonous properties, sensitiveness to light, and incompatibility 
with certain other colours, and are eas^y recognised by their volatility 
on being heated alone, ana by the arsenical odoqjr evolved when heated 
on charcoal. They form colourless Lolutions with strong hydrochloric 
acid, also wrfth* fcaustic soda, from which, pn addin|^ acid, the pigment 
is repre^witated. ^ ^ * 

N^ple^ Vellcw. 

t 

(Antintony*Yellpw*, Paris tYellow.) ^ 

NaplSs yellow is essentially Basic lead pyro-antimopate with varying 
quantities of Jead oxide or fdue- ^timohic acid. Neutr^flead antimonate 
is white and ^fecome^ yellow whep^heated,*pw 4 ng to conversion info the 
pyro-a^^tifii&^te. 
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Two varieties are prepared, viz., light and dark. The colour of light 
Napless yellow, if arising from excess of lead^oxide, can be improyed by 
treatment with dihite nitric acid. The tone of Naples yeyow depends 
not only on the proportions in which the components arc mixed, but 
also inversely on the temperature employed. The pigment, therefore, 
does ndt possess a constant percentage composition. The lighter 
varieties prepared wjth zinc oxide, etc , and whose chief coloured 
component iS lead pyro-antimonate together with lead oxide, are 
• applicable as substrata. Besides lead and antimony all genuine 
Naples yellows contain varying quantities of chlorine present as 
basic lead dhloridc (Mineral yellow. Turner's patent yellow, Cassel 
yeliow), which is not, therefore, an addition or adulteration. It 
results, rather, from the reaction of the flux — viz. common salt — 
with the ^ead coi*%pound which serves for the preparation of the 
colour. ^ 

A considerable amount of imitation Naples yellow which is on the 
market is prepared by mixing cadmium sulphide with zinc oxide, 
barytes, etc. 

Ana/fsi\, For the purpose of identifying and estimating the chief 
components, Naples yellow is fused with sodium carbonate and sulphur, 
and the melt extracted with water. The black residue contains the 
lead as sulphide and the zinc, if piesent. The yellow solution consists 
of sodium thio-antimonate, possibly mixed with sodium thio-stannate. 
The lead, zinc, and 'antimony are separated and estimated by the 
ordinary analytical methods. 

In rare cases adulteration of Naples yellow wdth chrome yellow or 
chrome orange occurs. On warming the colour with hydrochloric acid 
a green solution is obtained in this case. 

The shade of genuine Naples yellow has been imitated by mixing 
orange-coloured cadmium yellow with zinc white, or more rarely with 
white lead. Ihfi use of this mixture as an artists' oolour, and, e.specially 
as a water colour, is ’inadvisable on account of the properties of zinc 
white (p. 452). 

A pigment, related to Naples yellow was formerly made under the 
name of Antm/onj/ yelipw, which was a mixture of oxychlorides 'of 
bismuth and lead with lead antinrfbnate. 

Genuine Naples fellow is>a strong body colour, com‘f>letely stable 
as regards weather conditions, an^herefqre applicable as a liirfe*^olour. 
It has the disadt^ntage of being somew^hat gritty and* ciqes not 
worl^ well. It is, also staHle,on Ignsjion® and is therefore used for 
painting op glass^ and porcelain. On *the other hand, like ^11 lead 
pigments it is affected by hydfog«jn sylphide, but the colqration dis-, 
appear-6 again on * exposur^e’ tt) ligRt,»or on treatnjent w/th h>^drogen 
peroxide On account of its relatively bi^h p^lce Na^fej^ yellow 
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is chiefly used as an artists’ colour, but its use is now nearly 
obsolete. . ^ 

It is quijfe fast to light, but mixtures of Naples yellow with zinc 
yellow, baryta yellow, or zinc green gradually darken. 

Turner’s Yellow. 

(Mineral Yellow; Veronese Yellow ; Cassel Yel>Dw; Kassler Yellow.) 

Turner’s yellow is a basic lead chloride of varying composition, 
frequently corresponding to the formula PbClg + yPbO. For its 
preparation lo parts of red lead and i part of sal-a^pimoniac are 
heated to fusion ; metallic lead separates out at the bottom of the 
crucible, while the yellow oxychloride forms above. A CasseJ yelTow 
containing alumina, and used as an enamel, is prepared by Wating 
together equal parts of whjte lead, sal-ammoniac, an^ ^luiti in a 
crucible. This pigment has become obsolete since the introduction of 
the chromes. ♦ 

The proportion of lead chloride to lead oxide, a frequently varying 
figure, is determined by dissolving the colour in dilute nitric acid and 
a large quantity of warm water, care being taken to prevent evolution 
of chlorine. Silver nitrate is then added to the solution, and from the 
weight of silver chloride obtained the amount of lead chloride present 
may be calculated. 

Tungsten Yellow. 

This consists of tungstic acid and is prepared by decomposing 
wolframite with sodium carbonate, acting on the alkali tungstate with 
calcium chloride, adding the resulting 'calcium tungstate to warnl 
hydrochloric or nitric acid, and washing the precipitated tungstic acid. 
Tungsten yellow is either fiery lemon-yellow in colour with a greenish 
cast, or orange-yellow, according to the manner in which it is purified. 
It becomes faintly gi;cen on exposure to light, a change said to be c^ue 
to the alkali it contains.^ » 

f 

Litharge and Massicot. 

•Yellow oxide of lead is now seldom used as«an independent colour, 
and, as massicot, se;-ves principally hs the raw material for the prepara- 
tion of recfleid. r ^ • 

LiffiaTge is obtained as a*by-ijrod^ict in the process of smelting silver, 
and diQers*from Mas^zcot bydts decided reddish coteur. According to 
Zerr and Rubencamp, it is t6 be^Joo'ked jupf>n as fused and crystalline 
lead oxKe which must first be converteci into the pulverulent commercial 
/orm by gijnding. t. Litharge un^‘itable fot^ the ^-eparatioif of red 
lead, as'it c^ only \>e <urther oxidiked witfi difficulty^ 

^ Mierzmski, Handb^def Farbettfabrtkahon^ 1898, vol 1., p. 426. 
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♦ 

The preparation of massicot is carried out in specially constructed 
reverj;>eratory furnaces in which oxidation *of the lead can take place 
without fusion of»the oxide, and in which it is obtained in the finest 
possible state of division, when it is more readily oxidiseef to red lead. 
{Cf. Red Lead, p. 498.) The preparation from white lead is now no 
longer Usual. 

The analys*is of Jitharge is described in the section on “Non- 
Ferrous MetUls,” p. 240. 

Uranium Yellow. 

This pigment is prepared by roasting pitchblende with sodium 
carbonate and potassium nitrate, whereby soluble uranyl sodium 
carbonate is obtained, which, after removal of impurities by addition 
of sodium carbonate, is neutralised with sulphuric acid, when uranium 
yellow is {w^ficlpitated in the form of a delicate light yellow powder. It 
is a hydrated sodium uranate with the formula Na.^U207-|-6H20. 

On addition of caustic soda to the solution of the uranyl sodium 
carbonate obtained as described above, a precipitate of darker colour 
is produced known as O nr loured Uranium yellow. On ignition it 
passes into anhydrous Dark O range -colour'ed Uranium yellow. The 
uranium colours are chiefly used for porcelain painting and for the 
preparation of uranium glass, which is characterised by its green 
fluorescence. 

Cadmium Yellow and Cadmium Orange. 

(Jaune de Cadmium; Cadmium gelb ; Jaune Brillant.) 

Cadmium yellows are sold in different shades under the designations 
* lemon, pale, medium, dark dnd orange, or as Nos. 0-6 and 1-7 respec- 
tively, the lowest figure denoting the palest tone. As regards the 
preparation and ‘chemical composition of the commercial varieties oi 
cadmium yellow, there are few definite statements even in the latest 
literature. Th\jy are obtained in the wet way either by passing hydrogen 
sulphide into solutions of cadmium salts or by precipitating with alkali 
sulphides, and also in the dry way by stlongly heating cadmium 
carbonate wit^ sulphur ; and to,some extent the various shades obtained 
by these different methods are under the control of the manufacturer 

A. Sauvageot^ states that tho only practical process which yields 
a product free frofn sulphur and of bright colour a'hd pure tone is 
the interaction of an insol ubld,^a< 3 miynD salt wdth a soluble *alkalinc 
sulphide. The pjiler shades ‘lire maae from cadmium oxal34:e and the 
deeper sHkdes from cadr^ium carbonato, the^ temperature influencing 
the exact shade obtained. * • . v 

The probleias conftected the, an^inufactur^ of cad^mium yellow 
havctbeen reviewed by H/Heppler iind by Freitaj^.^ • • 

^ Rev* Prod* Chtm.y 1925, 28 , 397 . P^^rbe u. Lacky 1^26, No. 16,* 196, No. 48, 568, 
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» 

It is frequently maintained that all varieties of cadmium yellow pre- 
pared in the wet way are; pure cadmium sulphide (CdS). Follpnius^ 
found, that on passing hydrogen sulphide into solutions of cadmium 
salts chemically pure cadmium sulphide could not be obtained, as it 
always contained up to 2 per cent, of the cadmium salt from which it 
was precipitated. These technical accessory components of cadmium 
sulphide cannot be removed by washing, and (like the led lead sulpho- 
chloride, etc ) they are either present as double salts or else are adsorp- 
tion mixtures with the cadmium sulphide. On ignition this impurity 
volatilises as a simple cadmium salt leaving pure cadmium sulphide 
behind. 

The shades of technically pure, unadulterated cadmium sulphijjcs 
depend on the manner of preparation. All cadmium sulphides pr^epared 
in the dry way and those prepared in the wet way and subsccj[uently 
ignited have approximately the same shade, a very pale gr^idcn yellow 
with a dull ochre-yellow tint ; the purple-red discoloration which appears 
on ignition disappears on cooling Their hue is not identical with that 
of the lightest varieties prcpaied in the wet w^ay, “Cadmium 
lemon” or Nos o-i. When the preparation is carried out by treating 
solutions of cadmium salts with alkali sulphides, onl) a dull orange- 
yellow sulphide is usually obtained The orange-coloured precipitate 
(probably oxysulphidc) often obtained at first, rapidly changes on 
standing into light golden yellow, which becomes orange on drying. 
The pigment so obtained is not cadmium sulphidct (CdS) but probably 
the hydroxy-hydrosulphidc Cd(SH)( 01 I)- This variety of cadmium 
yellow easily passes into colloidal solution. The precipitates obtained 
by treating either hot or cold solutions of cadmium salts with* 
hydrogen sulphide in presence of excess of acid deepen in colour from 
palest whitish-yellow and lemon at first up to deep orange-yellow 
The change depends on concentration, temperature, and the amount 
otacid in the solutions, and takes place both during the ‘passing in p{ 
the hydrogen sulphide and on washing. The only s<:able tones obtained, 
after dr> ing the precipitance, are a dee^) golden yellow and a pale orange- 
yellow respectively. The palest lemor^ and golden >en^w cannot be 
obt^iined in the dry state by this method. ^ 

The causes of the colour-change tof cadmium sulphide precipitated 
by hydrog^ suIjShicfe have been investigated by A. H. Church •(1876), 
G. Bucteiar, who found that pnly f wo •modifications are formed in the 
wet way^ a lemon-yellow a nK)dificati^n,* sp gr. 3.9, €nd a ^ vermilion 
variety, sp gr. 4 5. Both^modCfications are c^jcmically ^identi<!al, and the 

a modifioiation can be changed by rubbiitg Into the /3 form ; ® and also by 

• « 

^ ^ anal ( heni* 1S74, 411. ^ 

^ A^Ei5nei, /«; , 1908, *549 

^ C^em. ZeiU^ 1887, II, 1087, II07. 
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• 

A. W* Keim, N. von Klobukow,^ K. Haushofer^ and T. Niederlander.^ 
It was found that the specific gravity of the paler varieties of cadmium 
yellow was 3-9-4*5^and that of the dark varieties 4-5-4-8, a variation 
similar to that observed in the case of natural cadmiufn sulphide, 
Greenockite (4-5-5 9) Further, it was shown by Haushofer that all 
artificially picpaied cadmium yellows are crystalline, and, with one 
exception (monoclinic), belong to the hexagonal system. The 
observations made b^ W. Ostwald on precipitated and crystallised 
^ mercuric oxide render it, however, very probable that the variations in 
colour are due to varying size of grain. 

The product obtained by precipitation from solutions is superior 
in covering power and in colour to that obtained by heating together 
cadmium oxide with excess of sulphur. The precipitate is bright 
citron yellow from weakly acid and orange yellow from strongly acid 
solutions A^r being washed they should be diied at a temperature 
not exceeding 86 ^ 

Cadmium colours and their suggested application to the paint 
industry have been discussed by H W Dudley Ward,'^ who describes 
cadmium zinc mixtures of a pale lemon shade, cadmium lithopone 
(cadmopone) and cadmium tulphosclcnides of orange to full vermilion 
red shades (cadmium red, selenium red and fire red) 

The most frequent adulterants of commercial cadmium yellow are: 
arsenic yellows, barytes, chrome yellows, clay, gypsum, tin sulphide^ 
zinc carbonate, zinc chrome, zinc oxide and zinc sulphide. 

Qualitative Anal) sis For the purpose of testing varieties con- 
taining cadmium oxalate or carbonate qualitatively, A. Eibner heats 
a portion in a glass tube If a stiong bright metallic minor quickly 
p-appears, then cadmium oxalate is present, which, on decomposition, 
gives metallic cadrpium Preparations containing cadmium carbonate 
give a faint mirror only after long heating. Carbon dioxide is 
identified by war^ning a poition of the substance with dilute sulphuric 
acid. Zinc is recognised by extracting with warm acetic acid and 
testing the filtrate with ammonium sulphide 

According to G Buchner,*^ technically pure cadmium yellow'^should 
react as followhs : (1) It should dissolve ori w^arming with dilujte 
hydrochloric acid to a clear and cplouiless solution (absence of free 
sulphur, heavy spar, aid chiome yellow ) (2) It^hobld cqntain any 

components soluble in water. "(3) After agitation with aceti^ rcid it 
should give a filtrate in which no Clouffl infers or precipitate i^ produced 
by potassium hydroxide (absence of any > considerable quantities ol 

^ i8!&7, 39, 4^12, ^ 

* Miit. /. Maietei, 1893, 10, 424* J* I9I9» 4^3* j 

^ N. 1^* Btidgen, Che%, ftade J ^ f924, 641. ^ ® J 0 %l and Col, Chern, ASwe., 1927» 10, 4 

• rUjrm 7>fy Tini*T /t. TTn*? ^1?!^ la SruttLe, \oI. 11. ^ 
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zinc compounds or cadmium salts [substrata]). (4) Heated in a tube 
or on platinum foil it should become purple-red, and on cooling pure 
yellow again, but not brownish-yellow (absence of cadmium hydroxy- 
hydrosulpMde or carbonate). (5) After agitation with ammonium 
hydroxide it should give a filtrate which is not coloured yellow by 
hydrochloric acid (absence of arsenic compounds). (6) Heajted in a 
tube it should not give off any considerable amount of water, or 
ammonia instead of sulphur dioxide, and accoiMing to JEibner should 
not produce a metallic mirror (absence of cadmium and zinc hydroxy- 
hydrosulphides, and cadmium oxalate and carbonate as substrata)/ 
Technically pure cadmium yellow prepared in the wet ,way gives off 
only traces of water and sulphur dioxide when heated in a tube. A 
thin white deposit always forms above the substance, and ;is dife to 
the sublimation of the cadmium salts (chloride, sulphate), Which are 
carried down with the sulphide precipitate and^canr^ he removed 
by washing. 

Quantitative Analysis: (a) Technically Pure Commercial Varieties, 

If the qualitative analysis shows that the sample is not a cadmium 
substratum pigment, then the substance is dissolved in hydrochloric 
acid, the cadmium precipitated by hydrogen sulphide and estimated 
as sulphide, after igniting with sulphur in a current of hydrogen ; or 
the cadmium sulphide is converted into sulphate and weighed as such. 
By sublimation, or by boiling the colour with sodium carbonate solution, 
the cadmium chloride or sulphate present can be determined by 
difference. 

(b) Substratum and Adulterated Varieties of Cadmium Yellow, 
The analytical procedure is determined by the results of the preliminary 
qualitative examination Estimations of the following substances are^ 
also involved : water, carbon dioxide, oxalic acid,^ sulphur, ammonia, 
and hydrated oxides of zinc and cadmium. The latter are extracted 
♦with dilute acetic acid, and estimated as described at^pve Cadmium 
yellow is Very seldom adulterated with heavy sp^r, chrome yellow, Sic, 

Properties, The technically pure varieties of cadmium yellow 
(medium, dark, and orange) are ‘pronounced body colours. On the 
ojher hand, the palest Varieties, sinte they contain stbslrata of only 
low refractivity, are much inferior in covering power. Cadmium 
hydroxy ^hyriiosulphide, in contrast to anhydrous cadmium yellow, is 
a pr^nqtmced glazing colour. I»n addition to these an orange-yellow 
hydroxy-gulphide, Cd2S(OfT52» ^^as ieqn prepared by Buchner. 

Fdstness to Light, Or^y thosp commercial varieties ^of cadmium 
yellov^yyhich consist of technically pure <?admium sulphide are fast to 
light when in the form*pf jjowder and in w^iter-cdour wetshp, so far 
as expsriiti^nts with this comparatively now pigment have demonstrated , 
up to tj?.? |5resent./ On th§ othe* hand, all badmium substratunf colours 
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in powder form and in water-colour washes are fugitive in light ; 
the most fugitive are those rich in zinc. Ip. powder form thej^ fade 
(formation of whUe basic sulphates), while in water-colour washes a 
change of colour to greenish-brown appears first of all f later they 
become bleached. The causes of this colour change are unexplained. 
In addi^on, cadmium hydr.oxy-sulphide (Buchner), gla7ing cadmium 
yellow, cadmiun? hydroxy-hydrosulphide (Eibner), and the substances 
prepared by precipitation with alkali sulphide and containing sulphur, 
^ are fugitive in light Modern manufacturers in this country are now 
able to produce bright light yellow cadmium sulphide of reasonable 
purity. The middle and deep shades of cadmium yellow are 
permanent 

Behaviour in Mixtiaes. Cadmium yellow can be mixed with almost 
all other pigments without affecting them or being affected by them, 
the only A?»c#ptions being those pigments which contain lead or 
copper as their basis, e,g., white lead, emerald green, and the chrome 
yellows • 

Cadmium lithopone in which the zinc of standard commercial lithopone 
is replaced by cadmium shows good covering properties and a high 
tinting strength — an admixture of s per cent, of cadmium lithopone 
with 95 per cent, standard lithopone gives a cream yellow — when 
rubbed out in oil 

Jaune biillant is an admixture of cadmium yellow and white lead; 
this colour is inclined^ to darken owing to the formation of black lead 
sulphide. 

Cobalt Yellow (Aureolin). 

This pigment is exclusively an artist’s colour. It is usually prepared 
by rendering a solution of cobalt nitrate alkaline with caustic potash, 
diluting it with acetic acid, and treating it, whilst hot, with a concentrated 
solution of potiL^ium nitrite. The crystalline precipitate which slowly 
forms is orangc-yelloi\ at first, then becomes brownish, and ^fter being 
washed is light golden yellow. It is a potassium cobalti-nitrite of the 
composition [Co(N02)o]Kii with Valuing amounts of water. Ac?cording 
to Church, th^ pigment usualfy contains % mok, and under other 
conditions 4 ifiol of watcr,^ whe^ it has a greenish tint. Church 
states that the anhy^lious form is obtained by treating, a solution of 
a cobalt salt acidified with acetic acid, with a concentrated solution 
of potassium nitritjf, and k^ej-iin^ thb mixture warm. Tlje j^igment 
is said to b® obtained in an even more beautiful "*form when a “^current 
of nftric oxide minted with air*is«passcd into a solution of cobalt nitrate 
and pc^asfium ^^tate^potassuiiR^ carbonayS bcin^ added fiom time 
to time (Rosenhekn and Kcjjpcl) , 

^ Cf, also, Rosenhiim aild KoppcI, /^anot^, Chun , 1^198, 17, 5^? ^ 

2 11 


IL 



482 




PAINTS AND PIGMENTS 

r 

According to R H Adie and T. B. Wood,^ a particularly lustrous 
cobalf yellow is prepared By adding a solution of sodium cobalti-nitrite, 
acidified with acetic acid, to a dilute solution of potassium "acetate 
or nitrate The pigment obtained in this way possesses the 
composition — 

[Co(NO ),]K,Na H O 

Church states that it is equal in value to the other varieV'es of aureolin 
As a water colour it has the advantage of being much less soluble 
in water than the older pigments of this class, and of not sinking 
so deeply into the paper Ihc watci can be paitially cJrivcn off by 
heating to 115° Ihe slow drjing of aurcolins as oil colours and the 
duty appearance which they assume are due, as Church has pointed 
out, to the piescnce of watei 

As regards fastness to hght and compatibility of 4 l<Se pigments 
m mixtures with others, divergent opinions exist According to 
Mierzinski and Zerr and Rubencamp, cobalt yc Po\\ is*unstable in the 
light J Beisch and Church describe it as permanent in watei -colour 
washes Accoiding to experiments made b\ Chinch, its intensity 
diminished 10 per cent within ten jears A Kibner’s expeiiments 
proved that as a water-colour wash exposed to direct sunlight for six 
years it showed no change Accoiding to Gentele it is miscible with 
most othei colours, even with those containing sulphur A W Keim 
observed instability in inixtuus with sc\cral other pigments These 
vai}ing opinions can piobably be tiaced to differences in the water- 
content of the individual varieties 

Ana/jsz^ Cobalt yellow is pcreeptibl) soluble in water; it vs 
only feebly attacked by solutions of alkalis and dilute acids, and is^ 
only slowly blackened by hydiugen sulphide Ammonium sulphide 
decomposes it immediately When heated it decomposes, giving off 
brown fuigies of nitrogen dioxide, and leaves a bfack rc^siduc of cobalt 
oxide and potassium hydroxide, which has an alkaline reaction and 
dissolves in dilute acidS forming a red solution 

The name Jaunc Indicn or hidian jtllow which is sometimes 
given to cobalt yellow is a false “suostanee designation*' intended to 
suggest its similarity with genuine Indian yellow '(Puree) This 
similarity, Ld!\veveV, does not exist either as ♦ regards colour tone, 
genurne*^ Indian yellow having ®a bnownish tint, or in properties of 
teohnicffl mportance in painting, Siirce Indian ,vellow is a glazing 
colour, and cobalt yellow z* bofly colour. 

‘ a ^ 

^ */ C hem Soi , Ipoo, 27, 1076 
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Nickel Yellow* 

Thft pigment is obtained by treating nickel sulphate with sbdium 
phosphate and calcining the resulting precipitate. According to 
Mierzinski and Zerr and Rubencamp, the colour is very stable and of 
good covering power. 

The Yellow Chromium Pigments. 

Chrome Yellow. 

(a) Technically pure Varieties of Chrome Ycllotu. These arc, 
essentially, ifeutral lead chromate, and vary in shade from pale to 
dark golden yellow. According to Zerr and Rubencamp,^ the shade 
of these commercial preparations depends upon the concentrations of 
the solution^of the •reacting substances, their temperature, the vay in 
which they are*brought together, the period of reactiem, and the manner 
in which the i^recipitated pigment is washed The preparation is 
carried out with dilute solutions at the lowest possible temperature, 
and the solutions are kept in constant motion during the precipitation. 
The precipitation and the washing process must be cairied out rapidly. 
K. Jablczynski- has pointed out that chrome >cllow undergoes partial 
hydrolysis on washing, whereby some chrome red is formed which 
causes subsequent daikening. It is stated that this phenomenon does 
not occur if the washing process is not exhaustive, or if an excess of 
at least 5 per cent, of k*ad acetate is used in the precipitation ^ Accord- 
ing to Gnehm, this darkening does not take place when lead nitrate is 
used instead of lead acetate, provided that a slight excess is employed. 

^ (b) Chrome Yello'ix^ Subi^ifatum Colon? s. The lemon-yellow shade 
of chrome yellow, for which theie has been a demand since the 
introduction of zinc yellow, cannot be obtained by observing the 
above precautions, as they do not prevent the inciease of density of 
chrome yellow^ Owing to increase in si/e of giaiti.^ Double salts of 
lead chromate and Icjfd sulphate (lead sulpho-chromates possessing the 
composition PbCrO^ rbS04 and ^rbCr04. zllbSO^), varying in tint 
from sulphur-ygllow to lemon-yt^low, have begn known for a consider- 
able time.^ The comrr^^rcial brands of “lemon” chrome yellow are 
therefore prepared in such a w'^Ay that, simultaneously with the 
precipitation of chrd!nc yellov from very dilute solufiSfls, m definite 
amount of lead sulphate in a ver>^.finely 4i¥ided condition is produced, 

which is taken up <by the chr^nre yellow«i formyig the dwihJe salts. 
• * 

‘ ^ (jfikur Mann/aciui 1 30 - , ^ ^ 

® Ch0m» Jnd,^ 190&, 31, 731 , /. iioc, them, ImL, 28, Jo , Fathtn Zeit,, 1909IA4, 1041. 

® Acccitliiiifto Zerr Rub«icami), 37j ol bojiioinate to loo^xiits of lead acetate. * 

* Cp II. Amscl, Z* afi§niK ( kem,^ licjCu 9. 

* M, Willenz, BulU A^sac* Bdg, C^iw., 1898, •12, 163 ; / nifuf\Jahfesb€f Chem,^ 1898, 

.... • • • ^ 
p. 417. 
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This prevents the production of more complex and more deeply 
coloured products.^ Jabkzynski is of opinion that the durability of 
the lemon-)j;ellow tone of this chrome yellow is due to the lead sulphate 
dissolving sufficiently in water to prevent the hydrolysis of the pigment 
on washing. 

The influence of raw materials, impurities, concentration, temper^t* 
ture, degree of agitation, etc , on the precipitation and dispersion of 
pure lead chromate and mixtures of chromate and sulphate has been 
investigated by H. Wagner and E. KeideP and the existence of# 
mixed crystals in the sulphate chromes is discussed. An interesting 
account of some of the applications and properties of chrdme pigments 
and the methods for stabilisation of the colour of pale cHromq;s is 
given by W. J. Palmer.*^ 

(c) Adjnmts to Lhiomc YcUoik) Colouis Since technically pure 
chrome yellow is too dear' for various industrial punT^ses, adjuncts 
such as gypsum, heavy spar, China clay, whiting or white infusorial 
earth are added to it in order to leduce the cost. These inferior 
qualities are known as Baltimore chrome >ello\v, Ameiican or French 
chrome yellow, Imperial, King's, Canary, Cologne, Leipzig, New, Paris, 
Lemon, Zwickau yellow, etc. 

Chrome Orange and Chrome Red (Derby Red). 

These pigments consist of basic chromate of lead, rbj(On)/ r 04 , 
or of mixtuies of this with neutral chrome } allow They are prepared 
either by treating basic lead acetate with potassium or sodium 
bichromate, or by agitating lead sulpho-chromatcs with caustic soda 
in hot solution The designations '‘Chiome Cinnabar," “ChromTe^ 
Garnet," and ‘'Chiomc Ruby" aie used for the deepest shades of 
chrome red 

The shades of the chrome oranges and chrome reds depend on the 
Size of gre^jn, as is shown by the fact that these pigments do not stcind 
fine grinding They lose thereby in depth and ' richness, and assume 
pale to^dark orange tones. 

0 

Valuation of the Yellow Red ChVomium* Colours. 

ExanxnatSdn of Chrome Yellow.— When chlomc yellowis boiled 
with ferong hydrochloric acid^a ^reeif solution containing the chlorides 
of chronaiiJKi and of lead is »btaincd'frt>m> which the latter separates on 
cooling in white crystals, ^'hrome* yellow, is dissolved by boiling with 
caustic*T>da solution, and is ^'-precipitated on adcfition of acetic' acid 
to' the solution. JThe comgkte anrfysis, whicrh is sVldom ftecessary, is 

•*.* *«,* * 

^ Milbaue|,and Kohn, 1916, 9I,,4I<5. « * 

2 / 1926? 31, 1567. • ^ J, Oil and CoL Chm» X925, 8| 90# 
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carried out in the usual manner by reducing a solution of the substance 
with l^ydrochloric acid and alcohol. The solution is then cooled and 
treated with strong alcohol, and the lead chloride which separates out 
collected on a tared filter paper, previously dried at 120^. The pre- 
cipitate is washed with alcohol, dried at 120'', and weighed. The 
chromiirm contained in the filtrate is precipitated as hydroxide by 
ammonia, too ^reat an excess of the reagent being avoided. 

The more«important adulterants of chrome yellow are clay, heavy- 
spar, lead sulphate, gypsum, chalk, and alumina. These substances are 
determined qualitatively by Wittstein^s method^ as follows: — i g. of 
the sample if treated in a flask with 7 g. of pure hydrochloric acid of 
sp. gr. I • 1 2 ; effervescence indicates the presence of chalk The mixture 
is heated until the remaining sediment is quite white and permanent, 

I g. of 90 per cent.alcohol is then added, and the heating continued 
until the cojout of the solution is pure green One hundred c.c. of water 
is added, the solution filtered, and the precipitate washed until the 
washings no longer give reactions for free acid or sulphate. The 
residue on the filter paper may consist of heavy spar and clay, which 
can be separated by the usual methods. The filtrate is tested with 
barium chloride ; if sulphates (lead sulphate and gypsum) are present 
I g. of sodium sulphate is added to the solution, which is stirred until 
the salt is dissolved, and then allowed to settle A precipitate indicates 
the presence of lead sulphate ; this is filtered off, the chromium and 
alumina in the filtrate precipitated with ammonia, and the second 
filtrate tested for calcium (gypsum). 

C. T. Hough estimates chromium in chrome yellow as follows : 
C)‘5 g. of the sample is heated with 15 cc. of 20 per cent, sodium 
'hydroxide, and the solution cooled and diluted to 200 c.c. Two g. of 
ferrous ammonium sulphate dissolved in a little water is then added, 
the mixture stirred and allowed to stand for a few minutes and then 
acidified with dilute sulphuric acid, diluted to t^^ice its volume, and 
titrated with standard permanganate. For the detection o^ chromium 
in mixed pigments Hough recommends that tifb sample be stirred with 
a few cubic centimetres of dilute* nitric acid (i : S), filtered, *and the 
filtrate tested with a fe^^ cubic centimetres of hydrogen peroxide. • A 
purple coloration, due to perchromic acid, indicates chromium. 

Aduiteration witJf lead sulpj^ate can also be easily detSeteAby Lowe’s 
method ^ as follows : — The finelj^ oo'^j^ered chrome yellow (•r dirome 
red) is shaken witUa cold, nKxterately string solution of sodium thio- 
sulphate, ifL which lead ^Iphate* is* readily ^soluble. Lead *can be 
recognised in the filtrate by treating with neutral potassium ghromate, 

• • ^ 

* Dtvgi polvt, 2 X 0 * 280. 

2 In<k CAtm,i # 9 ^ 9 , XI* 767. 

® Po/yi. NohzbL^ 1873, p. 3^9. 
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and estimated quantitatively by precipitation from this solution with 
sulphuretted hydrogen. #Thc lead sulphide thus obtained is nyashed, 
and convertjsd in the usual manner into lead sulphate. J. Milbauer and 
1 . Sellik describe a method of separation of lead by electrolysis in the 
analysis of chrome yellows.^ 

For the estimation of heavy spar, gypsum, chalk, barium ckrbonate 
and lead sulphate, H. Amsel ^ suggests the following method : — Half a 
gram of the sample is shaken with 10-15 cc. of 10 per cfent. potassium 
hydroxide solution in a beaker, and after addition of 10 c.c. of water# 
the mixture is boiled for five to ten minutes over the free flame. All 
lead compounds, together with calcium sulphate, are thus cRssojlved, only 
barium sulphate and calcium carbonate, if present, remaining dnsoluble. 
Without filtering, the alkaline solution is then strongly acidifled with 
concentrated hydrochloric or nitric acid ; the ^.alkali pliiibbite is 
thereby converted into soluble lead chloride or lead nftrS!te, and any 
calcium carbonate present is dissolved. The solution is again boiled, 
and then filtered ; the heavy spar remaining on the filter paper is well 
washed with hot water, dried, ignited, and weighed. The acid filtrate 
is neutralised with sodium carbonate, a little bromine water is added 
to ensure complete oxidation, and the solution heated on a gently 
boiling water-bath until it no longer smells of bromine. The insoluble 
carbonates are then filtered off from the solution of sodium chromate 
and sulphate, and the solution is acidified with hydrochloric acid, 
evaporated to dryness in a porcelain dish to remove completely any 
remaining traces of bromine, the residue dissolved in about 30 c c of 
water, a few drops of hydrochloric acid added, and finally 5 cc. of 
alcohol, whereby the chromate is rcducccf to a chromic salt. A portioh 
of the bromine is retained by the excess of sodium carbonate and is ^ 
only set free again after acidifying; it is, therefore, absolutely necessary 
to evaporate to dryness before proceeding with the reduction. After 
feduction ^s complete — that is, when the liquid *no ioliger smells# of 
alcohol — excess of ammonia is added, and the sohation warmed for ten 

to fifteen minutes on thb water-bath ; it is advisable to add more water 

« *1 

if the solution has become too conceptrated. The precipitate, which 
does not come down immediately, is filtered og*, washed well with hot 
water, dried, ignited in a porcclainf crucible, and weighed. From the 
weight of Cr^O^* obtained, the Cr0.j may,be calculfttcd. 

TBfc afamoniacal filtrate is^acji&ifie.tl with hydrochloric acid, and the 
sulphuric aeid, if prc;f)ent, entimated^'af barium suJphate in the usual 
manner. 

The^^arbonates of calcium- and Tead, and possibly lead peroxide 
^remaining on the filter pap^r/^re dis‘s6lved in« hydrochloric acH; lead 

V- pf Ckem,, 1919, 99„ 8^. 

® Z. ange4. Cfum , j8^6, 9, 613 ; /. Soc^ Chem* Ind*^ 1896, 15, 830. 



VALUATION ©F YELLOW AND RED CHROMIUM COLOURS 487 

# 

and calcium are then determined by the ordinary analytical methods. 
The precipitation of lead with sulphuretted hydrogen must be farried 
out either in dilute hydrochloric acid solution, or preferably in acetic 
acid solution, or all the lead may not be precipitated ; it is afso advisable 
to weigh the lead as sulphate and not as sulphide. In this way zinc 
may alsb be determined in* the filtrate from the lead sulphate, as it is 
likewise precipitated Ijy sulphuretted hydrogen, in acetic acid solution. 
The precipitation with sulphuretted hydrogen may be entirely avoided, 
y provided the solution docs not contain zinc as well as calcium, and 
sufficient bromine has been added to convert all the lead carbonate 
into lead pePoxide The black residue consists of lead peroxide and 
cal<iLiim carbonate and is tieatcd with dilute nitric acid, in which calcium 
carbonate is readily soluble, while lead peroxide is quite insoluble. 
The latter Js then «stimatcd as lead sulphate, by dissolving in hydro 
chloric acid atid evaporating the solution with sulphuiic acid. The 
lead may also be determined volumetiically by placing the filter papei 
containing the peroxide in a porcelain dish, ti eating it with about 
10 cc. of dilute nitric acid, adding 20 cc of A7s oxalic acid, and heating 
the solution to boiling , the excess of oxalic acid is titrated back with 
N/s permanganate solution. One cc. A 75 oxalic acid = 20 71 mg. lead, 
or 22 29 mg. lead oxide. 

The complete analysis of chromium colouis, by the method of 
M. Willenz,^ is carried out as follows : — One g of the finely powdered 
material is treated, with gentle heating, with ico cc. of dilute hydro- 
chloric acid (i:2o), the clear solution filteicd off, as much of the 
insoluble residue as possible being retained in the beaker; the main 
^bulk of the residue, as w^cll*as the small portion on the filter paper, 
is washed with warm w^ater. Calcium and sulphuric acid are estimated 
in the filtrate, which contains the calcium originally present as carbon- 
ate, and calcium sulphate. The residue is digested at the oidinary 
tegiperaturc wi^h 50 cc. of ammonium acetate solution (sjx gr. i 04) 
which should be iienitral or slightly alkaline. The solution is then 
decanted, and the residue w^ashed with warifl water as before; lead 
sulphate goes ^nto solution and ^s estimated b^ evaporating the*solution 
to dryness in a w^eiglyd platinum dish. After driving off ammgnia 
and acetic acid, the residue is ignited with sulphuric acid. The residue 
insolubte on treatnfent with* ammonium acetate* maj^* contain lead 
chromate and barium sulphate.* It*^s 5iv>pcnded in 50 co»o?*water, 
25 C.C. of potassiuwi hydroxndt? ablution ^112 g.^per litrc^added, and 
the^mixtufe boiled for aljput ten* minutos ; l^num sulphate ^remains 
unchanged: lead chromate dissolves, feyming potassium chrgmate and"* 
potassium plumtmte. 

In* a chrome containiijg lead ^ijjphate and birium*sTilphate the 
^ BuU. Assoc. Belg. des Chtm,^ 1898, X2, 163 ^ Chetn. Btd.^ 1898, 

^ % m • 
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to L. Bock^ the permanency and tone of zinc yellow depend on its 
amorphous structure. , ^ 

Zinc yellow is not quite insoluble in water, as the double salt is 
slightly decomposed with the liberation of free potassium chromate. 

Analysis, Zinc yellow is completely soluble in dilute acetic acid 
without effervescence — effervescence probably denotes presence of 
whiting or white lead — a white residue mean^s adulteration with 
barytes, china, clay, etc., and a yellow residue means* presence of 
lead, chrome, or ochre, with possibly one of these whites. All of 
these would be determined by their special tests. 

A quantitative determination of the zinc present is madt by boiling 
the sample with a large excess of pure sodium carbonate, whjen tq^al 
decomposition takes place, the chromic acid being conver^d into 
sodium chromate and the zinc remaining as basip carbonati. The 
latter is filtered off, thoroughly washed, dried, and ignited to ZnO. 

Chromic acid is determined as in the lead chiomes, by the 
potassium bichromate and ferrous ammonium sulphate method, using 


dilute sulphuric acid instead of 
.solution results. 

hydrochloric acid. 

when a complete 

A sample of zinc chrome 
composition : — 

analysed by N. 

Heaton had the 

Water 

. 

16 08 

/me clii ornate 

. 

38-99 

Zinc oxide . 

. •• 

44-93 
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Fastness to Light and Atr, Zinc yellow is to a marked degree 
more stable to light than the chrome yellows. W.iler-colour washes 
exposed to direct sunlight for five years remained unchanged. It is 
more stable than chrome yellow towards hydrogen sulphide, because 
th« zinc present undeigoes no change, and it also appeaf^s to be lej^ 
affected by the reducing action of the gas. On the other hand, like 
barium yellow and strorfeium yellow, it is more rapidly attacked by 
sulphur dioxide than is chrome yellow.^^* 

. Barium Vellow. 

(Y^llo^v Ultramarine; Lemon* YeUow; Permanent Yellow.) 

This colour consists of barium c^r8mUtc. It possesses a much 
weaker tone than zinc yellow, bwt Its^ stability in Jight appears ^to 
be greater*^ Water-colour \y ashes showed no change of tone iq five and 

, 1 Chem, Zfi/.,^925, 49, ^33. ^ ^ , 

^ ZerranS Rubjfticamp, Colour Manufactw stSte that it is unj^ffected by sulplrurous 
gases. * 
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a half years. Towards sulphur dioxide, it is more sensitive than the 
chroiye yellows. As a pigment it is of yttle or no value, its more 
important application being in the manufacture of matches, where 
it partly replaces potassium bichromate in making Ithe igniting 
composition. 

Strontium Yellow. 

Yellow •Ultramarine ; Deep Lemon- Yellow.) 

This pigment is strontium chromate. Its shade is more fiery than 
that of barium yellow. As regards stability to light and other behaviour, 
it is similar^o the latter. 

^ chromate of calcium is sold under the names of Stcinbiihl Yellow^ 
Gelbm^ Yellow Ultramarhie^ but barium yellow^ also frequently passes 
under these names* 

Compatibility in Mixtures. All the ydlow chrome colours mentioned, 
including zinc yellow, are incompatible with white lead as they react 
with it to form basic chromates, and the tone of the mixture, therefore, 
becomes reddish after a time. Moreover their instability as chromates 
comes into play in mixtures with zinc white, Naples yellow, cobalt blue, 
cceruleum, ultramarine, and cobalt green. The reactions which take 
place are not yet satisfactorily explained. 

Zinc yellow, strontium yellow, and barium yellow, when made up 
with zinc white into pale-coloured mixtures and used as water colours, 
are also unstable in direct sunlight. One per cent, mixtures of these 
pigments faded very considerably in two months (October to 
December). 


V. Red Pigments. 

• ipC) Naturally occurring Red Pigments. 

• • 

Red Odhres and other Red Mineral Colours. 

• 

These colours are essentfallj;' naturally burnt ochres ct)ntaining 
varying quantities of iron. They have beefl known and used frorn the 
earliest time^ under such namej%as Rubrica, Sinopisy Armenia?/ bole,- 
Lemnos earthy etc.f and occur chiefly in \^lcjfnic* «ciistjicts. Their 
application at the present day if; mere limited than that of Jjie artificial 
red iron colours.^ Deposits mii foun(3.in Italy (Treviso,^ Pozzuoli), 
France, Bngland, Bohemia, the Hap IV^ountams, Hesse-Na»sau, near 
SaSlfeld, etc. Tliis class includes Rjfddle (re<3 chalk) or red^ole, crudtf 
red iron? 5 tone,#^nd micaceous* jron. ,Th^* two last-named materials 
must be calcined, etc., befbrg they can b*e used for the .pteparation bf 
paints. Indian Ved ns a* natural fiaimatite of purplish- 4 ;ed colour, 
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containing 95 per cent of ferric oxide. Venetian red is a brighter 
natural red haematite, an^i certain hydrated varieties from Tijscany 
and the Banat (Yugoslavia) are also very bright r»d. 

Red Both occurs in Armenia, also in Lemnos, Malta, Hungary, 
Saxony, Silesia, near Wunsiedel, etc., and is a fairly pure clay coloured 
by ferric oxide. The burnt product comes. on to the market as Stone 
redy etc., and was used in the seventeenth and eighteenth centuries as 
a basis for pastel painting. ♦ 

Po‘::anoli Earth is a volcanic red earth found at Pozzuoli in the 
neighbourhood of Naples. In the purest form it is almost white or 
yellowish, but it may possess a reddish to flesh-pink colour bwing to the 
presence of iron. It differs from the ochres and forms a kind of natural 
cement (Travertine) consisting of partly decomposed clay.\ It is 
decomposed by hydrochloric acid, and unlike the ordinary red <?lays, it 
contains, besides alumina, lime, magnesia and potassium and sodium 
as essential components. In this respect it differs from the imitation 
Pozzuoli earths, which are frequently prepared on account of the high 
price of the genuine substance, and which are mixtures of English red, 
etc., and chalk. Genuine Pozzuoli earth, unlike these products, does 
not effervesce on treatment with acids. 

(p) Artificial Products. 

Commercial Names. Berlin red, blood-red, brown-red, caput 
mortuum, chemical red, pale, dark and violet oxido of iron, iron saffron, 
angel red, P-nglish red, Indian red, Imperial red, Nuremberg red, Persian 
red, rouge, Pompeian red, Prague red, Prussian red, red oxide, scarlet- 
red, Venetian red. • 

All these substances contain ferric oxide as the chief constituent, 
and varying quantities of natural argillaceous components. Iron colours 
prepared from pyrites cinder and sludge mostly contain copper. The 
chief raw materials aie red iron ore, h«ematitc, iron oclrrdy bog iron osc 
and limonife. Besides these there are certain artificial and waste 
products such as copperas, pyrites cinder, alum sludge and the vitriol 
sludge obtained in the manufacture oY eppper sulphate. ^ 

J?ed OxidCy which serves as a substitute for rc(J lead, is prepared from 
' the foregoing iron ores by calciningr them in a reverberatory furnace. 
By this prc^es«®the denser ores become porous and the earthy ores are 
rendered drnser and more brittle.^ •Refl oxide contains from 82-88 per 
cent of (pryc oxide, and is a fine ^oi^jmiish- to i)luish-rcd powder 
possessed of very consi 3 erable^cov^ing power^^and the^reatesf resist^ce 
"^o clima^p influences. As aij*oil dolour it protects iron objects 
efifeAively against ^ist ttiis«free fidm sulphuric acid, cheapen than 
red leadf aif<h non^oisonous. T^e* varietfe^ prepafed from pyrites 
cinder may* contain •sulphur,# • * * 
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The. value of red oxide depends on the amount of ferric oxide it 
contains, and also on the temperature at whiph it has been roasted. At 
higher temperattwres the amount of ferric oxide increases, without its 
solubility in hydrochloric acid becoming less ; at the same time the 
specific gravity increases. If heavy adulterants, which can easily be 
recognfsed by qualitative analysis, are absent, the specific gravity thus 
provides a meahs of ptimating the temperature of roasting. Keeping 
in view cheiriical properties and cost, a material of sp. gr 4 2 would best 
meet practical requirements. Ability to withstand the action of acids 
and weather increases with an increase in specific gravity, and is deter- 
mined by a-boiling test with dilute acids. Reduction of the substance 
to ^ finer state of division increases its covering power, but does not 
lessen its stability towards acids. The latter is entirely dependent on 
the temperature eipployed in the manufacture.’ 

» 

English Red. 

(Prussian Red; Venetian Red; Italian Red, Rouge; Colcothar.) 

Under these designations red ferric oxide colours, varying in tone 
from pale yellowish-red to bluish-red, come into the market. They 
are prepared chiefly fiom alum or vitriol sludge. Their principal 
industrial application is as lime and cement colours, but they are also 
manufactured as artists’ colours As they frequently contain sulphates, 
they arc, on this account, less suitable than led oxide for painting 
on iron. Owing to its extraordinary colouring power, English red 
is frequently ‘Met down” with comparative!} large amounts of adjuncts, 
chiefly gypsum (up to 80 per cent.) Gypsum may be already present, 

• however, in the raw materials, or it may be formed during the roasting 
process from any chalk which is present. If the added gypsum has 
been previously burnt, the English led becomes lumpy and thickens 
when used as a water colour. 

^ It is w^ell,^«owfi that English red, in a similar manner to zinc white, 
affects the fastness lio light of a scries of organic colours sJeh as indigo,., 
(Church) and especially the coal-tar pigments* 

Caput Mot tmiDi The oldest method of manufacturing this Substance 
is by the calcination c^f fenous sulphate, /ft a later period the Pilsen 
vitriol schists* w^ere used for this purpose. The residue obtained after^ 
calcination w^as foi^nerly ground, and sold, Ifut it rti«*pi^sent day it 
forms the raw material for "the* |piaiyafacture of valu^le •colours 
possessing various shadc.sf wiifch are prepared by grin/Iing it with 
increasing amounts of cejmmon sal^ anci heating again up to definite 
temperatures in reverberatory furnaceg. The duration of tlj^ calcining* 
procass plays ai%1mport.ant part.*«!krellovYishrred shades are obtained with 
2 pej cent., browtiish witl^ % per cent, and violet wHh 6 pdl* cocit of salt 
^ QC H. Baucke, /. anaL thPm , 1898, 37*668 them. I net., 52. 
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According to B, Wohler and Condrea the colour of the different 
kinds of caput mortuum i^ also dependent on the size of grain, and 
can therefore be altered by reduction of the latter. 

All the red aitificial iron colours are characterised by great colouring 
and covering power. In the case of those varieties which are used as 
grinding and polishing media (polishing rouge), hardness, together with 
fineness of grain, is of the greatest importance 

Veloet Red is a reddish-brown powder consisting of ferric oxide 
coloured by a mixture of “ spirit-soluble ’’ rosaniline blue and fuchsine.^ 
Up to a comparatively recent period English red and caput mortuum 
colours weie frequently “ improved ” by means of coal-tar dyes. These 
are detected by placing a portion of the colour on filter paper and 
moistening it with water, alcohol, or a mixture of alcohol and acetic 
acid, or by boiling with this mixtuie and filtering ^ \ 

Analysis The estimation of moisture in fciric oxide colours is 
carried out by drying the colouis at iio^ until the weight is constant. 
Further loss on ignition is calculated as water of h) dration, provided 
no sulphates are present lion colours become moic difficultly soluble 
in acids the more strongly they arc ignited, and the more silica 
they contain For the purpose of estimating the contained iion it is 
best to fuse them with sodium carbonate J he pale vaiietics of English 
red dissolve on continued boiling in conccntiatcd h)diochloric acid or 
aqua regia. Accessory components to be consideied aie manganese, 
alumina, magnesium, calcium, and silica. , 

Small quantities of g)psum, if present, art estimated by determining 
the amount of sulphuric acid m the acid solution after separation of the 
iron, aluminium, and manganese. If larger quantities are present the 
substance is extracted with a hot solution of sodium carbonate, and the" 
amount of sulphate in the extract is determined 1 he estimation of 
basic ferric sulphates, which may be present in colours prepared from 
pyrites cinder and containing gypsum as well, cannot be; earned out by 
tljis method* 

Indian Reds, Red Oxides (Princes Metallic, Tuscan Red, 
Venetian RW)- 

* (\ 

Loss a1 Two g is heated in a steam jacketed oven at 

atmospheriq pteoJiurd fof three hours or to constant weight - 

Los^ onxfgniiion A portipn is^ ignited in a closed porcelain crucible 
to constant ;yveight The lo^ may fciclude combined water, carbon 
dioxide, ^organic matter ^and^^son^p sulphur trioxidc if much calcium 
'*^ulphatc M\,present. Carbon diqxide may be determined on a separate 
portfon of the samplg if desired. 

Free Acid ce' Alkali, Ten g. of^the sample is boiled with roo c.c. of 
^ Dtnp^olyU /., 308, I5£. * ® A.S.TM Standafds^ 1918, p. 656. 
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water, filtered ^and washed The filtrate is tested with litmus paper, 
and if acid it is titrated with standard alkaH and methyl orange, and 
calcufated to H2SP4. If alkaline, it is titrated with acid and calculated 
to NagO. The filtrate is tested for salts of alkalis and of alkaline earths. 

Added colouring matter is tested for as on p. 469. 

Imduble Matter^ Iron, O.xidc^ etc Previous roasting at a low 
temperature is* necessary if much organic matter is present; if very 
low in carbonaceous matter, a littlie potassium or sodium chlorate may 
be used in effecting solution. 2 5 g. of the sample is digested with 
25 cc. of hydrochloric acid (adding a little nitric acid or chlorate if not 
already addgid). The cover is washed down and the liquid evaporated to 
dr^ess. The residue is taken up with hydrochloric acid and water, 
filtered, washed with dilute hydrochloric acid and water. The filtrate 
is made up to 500 c c , mixed and examined as below (for more exact 
work this^shoiild be evaporated to diyness and silica removed) The 
residue is ignited and weighed as insoluble matter, if the insoluble 
matter contaifts an appreciable amount of iion it is necessary to fuse it 
with sodium carbonate or potassium pyrosulphate to determine the 
total iron in the sample. If the insoluble matter contains barium 
sulphate it may be determined by fusing with six times its weight of 
sodium carbonate, cooling, digesting with hot water, filtering and 
washing the residue with hot water until free fiom sulphate. The 
filtrate is removed and the beaker used for digestion placed underneath 
the funnel, the filtci.is then pierced with a glass lod, and the residue 
washed wnth a little water into the beaker Hot dilute hydrochloric 
acid (i : 1) is poured over the paper and the whole finally washed with 
♦ hot water. If necessary moire hydrochloric acid is added to the beaker 
■^o dissolve the barium carbonate After heating to boiling, dilute 
sulphuric acid is, added in slight excess, and the beaker is allowed 
to stand for about one hour on a steam-bath The precipitate is then 
filtered, wasl^ci, drfed, ignited and the barium sulphate weighed. This 
subtracted from the^total insoluble gives the insoluble silicftous matter.^ 
if it is desired so to repoit If it is desirabltito analyse the insoluble 
siliceous matter, this can be \Iofie by the usual methods silicate 
analysis, but^the results should be reporteS as a separate analysis. 

For the dttermimftion of itof^ 100 cc. of the first filtrate is placed^ 
in a fl^k, about 3 g of granulated zinc adde^, ar funagl gut into the 
neck of the flask, and heat ap*plfed wjien the action slackei*)^. if basic 
salts separate ou^ a few dropi of hydrochloric acid may be added. 
When th^ reduction is complete^ and soon *as the residual zinc is 
dissolved, the fuitnel is washfidtiown,* inside arid out (and aljg the neclf“ 
of th^fla^) witJjPa fin^ jet of wart^r. A^fte^^he flask, which should*hold 
I litie, is filled afcout two-Alyrdb £ull,*it fs cooled ici wa^e^ aad 10 c.t, 
of ‘^filtrating soflitioif’^ add«d. (Ttiks n^de by •^issolving%i6o g. of 
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manganese sulphate in water, diluting to 1750 c.c., adding 33P c.c of 
phosphoric acid (sp. gr. 172) and 320 c.c. of sulphuric acid.)^ *Tho 
reduced iron solution is then titrated with potassium permanganate 
(5*659 g. per litre) which has been standardised against sodium oxalate. 
A blank is run on the zinc, the result corrected, and the total iron 
calculated as FcgOg. Instead of adding zinc to the solution, the colution 
may be reduced in a zinc reductor^ (p. 75) 

Lime. An aliquot of 100 cc. of the original solution* is diluted to 
about 200 cc., and 10 c.c of hydrochloric acid added. It is made 
alkaline with ammonia, 2 or 3 cc. of bromine water added, and then 
boiled till excess of ammonia is expelled. The precipitate is allowed 
to settle, washed by decantation, redissolved in hydrochtloric acid, 
and reprecipitated with ammonia and bromine water. (Precipitate: 
Fe^O^ , Al^Oj , Ti02 , PjOr, , MnOg ) This precipitate may be ignited 
and weighed if desired A* few drops of ammonia are added to 
the combined filtrate, which is then heated to boiling, and an excess 
of saturated ammonium oxalate solution added. The ooiling is con- 
tinued until the precipitate becomes granular, the mixture allowed to 
stand for about thirty minutes, filtered, and the precipitate washed with 
hot water until free from ammonium oxalate , (for more exact work 
this precipitate should be dissolved in hydrochloiic acid and the calcium 
oxalate reprecipitated as above) The precipitate is dissolved in warm 
dilute sulphuric acid (i *4) and then titrated with standard potassium 
permanganate. If desired, magnesium may be determined as Mg2P207 
in the usual manner in the filtrate from the calcium oxalate 

Soluble Sulphates. One g. of the pigment (if low in insoluble 
sulphates a larger portion) is roasted gently if much organic matter 
is present, and then treated with 30 cc of hydrochloric acid, boiled for 
ten minutes, when about 50 cc of water is added, h'lnally the liquid 
is boiled, filtered, and the insoluble matter w^ashed with water. The 
sqlution is heated to boiling, ammonia is added, then th.e whole filtered 
washed a few times with hot water. The precipitate is dissolved 
in hot dilute hydrochlo’-ic acid, reprecipitated with ammonia, then 
washed .veil with hot w^ater. The united filtrates are rendered just 
acid with hydrochloric aCid, boiled and precipitated With excess of 
10 per cent, barium chloiide, and the BaSO^ weighed. The result is 
calculated to or-CaSO^. 

Toff I Sulphur other than that i)^csent as Barium Sulphate. Five g. 
of the sample is treated in a covered porcelain dish with 50 c.c. of aqua 
regia (ijftNOgipHCiy and cvappraJ:ed to dryness on a s^eam-bath. 
Twenty g^c, of concentrated h3^drochl<5rid acid and about 250 c.c. of 
water are^added, and a dpuble airynonia precipitaJon made. The 
sulphur determined as BaSO^'as abovq, finder " Soluble Sulphates.*’ 
^ Lorc^aud Demo^st, Metallurgical 7 inalym^\<^\ls 28. 
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VenMan red may be analysed as above. The insoluble matter may 
be treated with hydrofluoric and sulphuric acids to determine silica 
by loss. ^ * • 

In the examination of polishing rouge by A. Munkeft’s method/ 
2 g. of the substance is boiled for some time with concentrated hydro- 
chloric acid until the oxide of iron is completely dissolved ; the solution 
is evaporated to dryness, the residue taken up with acid, and the 
solution filtered off frdm insoluble*mincral matter. The filtrate is made 
up to 250 c.c, and 50 cc are used (or estimating the sulphuric acid, 
after precipitation of the iron with ammonia. In a further 50 c.c., 
iron, alumir^ium, calcium, and magnesium are determined. Copper 
is estimated by decomposing 10 g. of the substance with concentrated 
hyclfbchloric acid, filtering off the insoluble residue, and reducing the 
ferric chloride solution with sodium hypophosphite in presence of excess 
of acid ; the cc^per is then precipitated by sulphuretted hydrogen, and 
determined electrolytically. 

The microscopic examination of the lesidue insoluble in acid (any 
soluble silica present can be removed by sodium carbonate solution) 
affords valuable evidence as to the nature and condition of the mineral 
admixtures, and frequently as to the method of manufacture. 

Fastness to Light. Artificial ferric oxide colours, provided that 
they arc not improved ” with coal-tar d) es, are quite fast to light and 
are fully miscible with other colours. On the other hand, all these 
colours, like the burpt ochres, sienna earths, and umbers, possess the 
property of being slightly soluble in the usual fatty oils, and this 
solubility forms one of the causes of the subsequent darkening which 
•they undergo when used as oil paints. English red has been stated to 
^ave an injurious effect on coal-tar colours on exposure of the pigments 
to light, as in the .case of zinc white. 


Analyses* of Indian Reds, Red Oxides, Venetian J^eds, 
* and Eng^lish Red. ^ 
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^ Z, 1900,^3. 593 ; /. Qiem. Ind.^ I^oo, 19, 67^* 
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Red Lead (Minium). 

Red lead is prepared on a manufacturing scale {a) by calcining lead 
oxide (PbO) in the form of massicot (not litharge^) In muffle furnaces 
into which air is admitted. The commercial product obtained in this 
way is known under the name of “ Crystal minium ” or “true red lead.” 
(d) By calcining powdered white lead. The red lead obtained by the 
second process is of finer grain, warmer in tone ard dearer than crystal 
minium, and is called “ Orange lead.” It also possesses greater cover- 
ing power than the other brand. Crystal red lead is chiefly used as 
an oil colour, as a priming in painting on iron, as a packing material 
for joints in machinery, and for the preparation of red lead putty. 
The finer orange lead serves chiefly as a pigment, and wnen us<!=^ as 
an artistes colour it is known as “Saturn red.” (r) In this method lead 
sulphate is mixed with sodium carbonate and sodium nitrate and the 
mixture heated to a dull red heat. This method of preparation is now 
very little used. 

Red lead has the approximate composition rbp4 or [2(PbO) . PbOJ. 

Copper, bismuth, iron, and antimony have an injurious effect on the 
colour of red lead - 

The British Standard specification for red lead makes provision 
for two grades (A and B), A being ordinary quality for paint purposes 
and containing not less than 72 per cent. Pb/)^ and B for jointing 
purposes, with not less than 43 per cent, and not more than 72 per 
cent. Pb^O^, In both grades not le^s than 99 5 per cent, of lead oxides 
must be present.*^ 

An account of the preparation, properties, and decomposition of red 
lead has been published by J Milbauer.* Keftrence may also be made 
to A. H. Sabin, Red Lead and how to use it ui Painty 1920 

“New process” lead oxide, obtained by violent agitation of molten 
lead in cast-iron containers in a current of air, is, brown to yellow in 
colour, and /nay contain 4-7 per cent, metallic lead. Sublimed oxide, 
^ ail American product, is obtained by oxidising lead and subliming the 
resultant, oxide, using natural gas 4 source of heat. Orange lead 
differs from red lead in its higher content of PbO^, t^he theoretical 
proportion of 3494 per cent, however, never* being attained. It is 
suggested by Klein tl\at Pb304 possibly consists of a solid solution 
of PbO and Pb62. 

^ Cf. Zeri*aii<l Ruben canipj^rt)/<7»? ManuJaUm 

^ O. Herting, them Aeit,, 1903, 27,^923 ; Chem, 1903, 22, 1 1 38. *- 

1926, Specification No. 217. * ‘ ^ 

^ l^hysikathchey chemtsc/u nnd Uchmseke Stud^en uhei die Al^nntge * tChenu 1 9^9^ 33« 

5/ 3» 522, 950, 960; 1910, £4. 138, Ch*em. 1909, 28^'6l2, 1049; 1^10, 29, 

2*82; 1911,^, ? 7 / 
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According *to Bolley-Stahlschmidt,^ litharge is impure lead oxide 
while massicot is the almost pure substaqce. Zerr and Riibencamp 
consiSer that the^ differences between the two substances lie fn their 
physical condition. Litharge is to be looked upon as fusdd crystalline 
lead oxide. Owing to its density it can be further oxidised only with 
great difficulty ; hence it is. not suitable for the manufacture of red lead 
On the other hand, massicot, a very delicate pale yellow powder, is very 
readily oxidised in th^ air. Botli products should dissolve completely 
in nitric acid, and all the lead should*be precipitated out of the solution 
by sulphuric acid, so that, on complete evaporation of the liquid remain- 
ing after fil4ration from the precipitate, only a minute residue should 
remain. The presence of calcium salts may be detected by dissolving 
in dilute nitric acid, excess being avoided ; the solution is then diluted 
with water, and sul^iurctted hydrogen passed in until it smells strongly 
of the latter. *The precipitate is filtcrcil off, and the filtrate treated 
with ammonia and ammonium oxalate. Evolution of carbon dioxide, 
on addition of acid, indicates the presence of calcium carbonate or 
lead carbonate — the latter if no calcium salts have been found by the 
previous test. Carbon dioxide is estimated in an ordinary Schrotter 
or similar apparatus. Particles of earth, brick dust, raddle and red 
ochre are either insoluble in nitric acid or are found in the solution 
after precipitation of the lead by sulphuric acid ; the same holds good 
for ferric oxide, which is often present in litharge. Stannic oxide 
remains in the residue insoluble in nitiic acid, but is seldom contained 
in any considerable quantity in litharge. Copper is detected by digest- 
ing a small portion of the sample with ammonia, a blue coloration being 
obtained when the metal is pi^sent to any considerable extent. Litharge 
ISnd red lead, when used in the manufacture of glass, must be quite free 
from copper and ferric oxides.*^ According to T, Salzer,^^ nitrous acid 
and gypsum are occasionally found in litharge. 

The Analjgkis of* Red Lead, A. Evaiuinaiion ^or Impurities, Red 
lead becomes dark violet to black when heated ; on cooling it retunaia* 
to its original hue. It is soluble in glacial acetic acid ; and in a mixture 
of nitric acid with reducing ageftts.* Of the latter, oxalic acid br sugar 
used to be usc€ ; lactic acid ( A. TPartheil *) avbids the formation of lead 
oxalate, while •L. OpiiTcius^ uses tjmetallic copper, and J. F. Sacher® ^ 
uses foanaldehyde. • Hydrogen peroxide is fiovf uSi»ally« employed 
(F. P. Dunnington^ and P. Beefed). • |Adylterants such as brick dust, 
ferric oxide, heavy spar, e«tc.f which repiain undissolve^, are thus 

^ Ha^dhuih dtf chem. ieckn^Unienuo/iungm^ bthied., p* 355 * * 

^ ^ C/, the section on Glass,” \^ol. III. ^ 

3 Phrnm. 1889,^, 645 ; Z* Chew,^ 28, 734. 

^ Chem, Zeit,^ ^07, 94 l*t ^ ^ fhtd.^ 1888, life, 477 * 

# Chem, ZetLy ^8, 3|, 625 J, Sbr. Chem^Ind., 1908, 27, 159. 

’ Z, anal, Chem,^ 1889, 28, 3$?. * ® A anaL Cheni,^ I908, 47 >«{^ 5 * 
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detected. This method can also be used in the estimation of the 
insoluble residue in red le;^.d which has been “ let down ” with barium 
sulphate Dilute nitric acid and aqueous acetic acid form lead salts, 
and at the same time lead peroxide separates out. Dilute hydrochlori<; 
acid acts similarly. With excess of concentrated hydrochloric acid, 
lead chloride is formed and chlorine evolved. Concentrated sulphuric 
acid decomposes red lead with evolution of oxyg^en afid formation of 
lead sulphate. Sodium hydroxide has no action. • 

R. Fruhling^ states that the insoluble residue, after treating red lead 
with dilute nitric acid and sugar solution or hydrogen peroxide, should 
not amount to more than i per cent if the red lead is^j to be used 
for pharmaceutical purposes — for plasters On the otncr hand, as 
much as lo per cent is permissible when it is employed in ijhe prepara- 
tion of oil colours, metal paints, joints in steam pipqs, etc \ 

B EsUmaiton of the Conte fit of Lead Pcfoxtdc ^a) Volumetric 
Methods. According to P. Beck, the volumetric method of A. Lux,^ 
which depends on the use of oxalic acid and permanganate, and 
was formerly employed for this purpose, gives less accurate results than 
the iodometric method of G TopfandW Diehl P Ik^ck has described 
a variation of this method, making use of carbon dioxide An alternative 
volumetric method is that of M Liebig, jun according to which o 5 g. 
of the sample is treated in a small Erlenmeyer flask with 25 c.c. of 
jV/io sodium thiosulphate and 10 cc of about 30 per cent acetic acid, 
and dissolved by shaking, 10 cc of potassium iodide solution (i : lO) 
and 2-3 cc of zinc iodide starch solution are then added, and the 
solution titrated withiV/io iodine soluti(m The end of the reaction 
is sharply indicated by the lemon-yellow cVilour of lead iodide changing* 
to a dirty dark yellow {cf also p 502) 

E Szlerkhcis^ uses sodium nitrite, which reacts with PbO^ according 
to the following equation • — 

PoO, + 2 HNO, f NaNO^ Pb(NO ,) > + NaNO, + II/). 

Five’g. of red lead is wanned for^ quarter of an hour with 100 c.c. 
of boiling water and 5-7 c.b. of pure nitric acid on the wf*ter-bath ; the 
solution is allowed to cool down tp 50°, treated, drop •‘by drop, with 
excess of standardised ^sodium nitrite solution ^abojut i peic cent.), 
and tbe ^cess of nitrite titrated back' with permanganate solution 
(0*8 per cent.) * « • « 

In tile course of* a critical examination of the various methods, 

^ Z, angew. ihim ^ a, 68. ^ “ Z, ana^. C//^A«.t^88o, 1 5 3. 

188^26,296. ^ ^ ioc.ciL ^ 

^ Zxangew. Z 4 « S281; /. S^c. thetn. Ind^ 1901^ 20, X027. 

*8 Ann, Chtm, anaL 190c, 7, I14 , f. Soc, them, Ina,y 1902, 2X, XI 56* 
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A, Ch^ala and H. Colie ^ recommend the following procedure: — 1-2 g. 
of th^ sample is treated with loo c.c. of cold^A7i nitric acid and 25 c.c. 
of Nji oxalic ac^d. The mixture is heated until decomposition is 
complete, which requires ten to fifteen minutes. The sofction is then 
titrated, at a temperature of 70°-8o”, with Nji or Nj^ permanganate, 
allowing the main bulk to run in rapidly, and then continuing the 
titration carefiflly to the end-point. 

J. A. Schaeffer 2 describes a rapid method of analysis of red 
lead and orange lead depending on the estimation of lead peroxide 
produced on treatment with nitric acid and subsequent addition of a 
known quamtity of hydrogen peroxide. The excess of hydrogen 
peroxide is estimated by permanganate. A blank test is made with 
the same volumes of hydrogen peroxide and nitric acid. 

The American^standard method ^ of analysis of dry red lead is as 
follows : — • • 

Specific Gravity, The true specific gravity is determined by 
Thompson’s method, or by means of a 50 c.c. pyknometer, using 
benzine and 20 g. of pigment. 

Mohtnre. Two g. of the sample is dried for two hours at 105° ; the 
loss in weight is considered as moisture. 

Organic Colour, Two g of the sample is boiled with 25 c.c. of 
95 per cent, methyl alcohol, allowed to settle and the supernatant 
liquid decanted. The residue is boiled with water, decanted as before, 
and again boiled with very dilute ammonia. If either the alcohol, 
water, or ammonia is coloured, organic colouring matter is indicated. 

Total Lead and Insohcble Matter, One g. of the sample is treated 
with 15 cc. of nitric acid 0-0 sufficient hydrogen peroxide to 
^dissolve all lead peroxide on warming. If any insoluble matter is 
present, 25 c.c. of water is added, and the whole boiled, filtered, and 
the residue washed with hot water. The insoluble matter contains free 
^lica and s^pi^ld bfe examined for silicates and barium sulphate if J:he 
total quantity is appreciable. To the original solution of filtrate 
the insoluble matter 20 cc. of concentratecj sulphuric acid is added 
and the work proceeded With as under “ Basic Carbonate of 
Lead ” (p. 4S2). ^ * • 

If calcium and magnesium aic to be determined the procedure 
as follows. The lead is precipitated as sul{Aide fn:)«g a^slightly acidT* 
(hydrochloric acid) solution, the le^d sulphide dissolved yi hgt dilute 
nitric acid, and Jhe lead detPeimined a§ sulphate. The filtrates from 
the lead sulphide are boiled to expel l^drogen sulphicfe, a|id a little 
bromine water *added to oxiflise the iron ^if present). J^romine 
expeJlecf by Wiling,# and amfi^onia §idci?d in slight excess, • Any 

# • * * * % • 

• 1 Z. anai, C^m.^ Ijll, 30, 289 ; /. Chem, Ind,^ 1911^ 802.*, • 

2 Ind, Eng^ Chem,, 1916, 8, 237. • S^ntlards, isyf, 649. < 
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precipitate of ferric hydroxide and aluminium hydroxide is filtered 
off, and washed with hot v^ater ; if appreciable, it is redissolved in hot 
dilute hydrochloiic acid reprecipitated with ammoniar; then ignited and 
weighed as ihixed oxides Manganese (if present) can be precipitated 
by adding bromine and ammonia, and wanning.. All the filtrates are 
united, the whole made slightly acid with acetic acid, then hetited to 
boiling, and h} drogen sulphide passed mto the hot ^oluti6n till saturated. 
Five g. of ammonium chloride is added and the liquid allowed to stand 
for five hours, any zinc sulphide is^filtered off, washed with sulphuretted 
hydrogen water, and the zinc sulphide dissolved in hot dilute hydro- 
chloric acid. The zinc is detei mined by titration with potassium 
ferrocyanide. Alternatively the sulphuietted hydrogen ms^ be boiled 
off, any separated sulphur filtered out, and the zinc detWmined as 
phosphate Calcium may be determined in the, filtrate from zinc 
sulphide by expelling sulphu>»etted hydrogen and then precipitating 
as oxalate The magnesium is determined in the filtrate from the 
calcium in the usual manner by precipitating with sodium phosphate 
solution. 

Liad Paoxide and iftte Red Lead One g of the finely ground 
sample is weighed into a 200 cc Eilenmeyer flask, a few drops of 
distilled water added, and the mixture nibbed to a smooth paste with 
a glass rod flattened at the end Thirty g of pure crystallised sodium 
acetate, 2-4 g of pure potassium iodide, 10 cc of water, and 10 cc of 
50 per cent acetic acid are mixed in a small beaker and stirred until 
all is liquid, warming gently If necessary, 2 01 3 c c of water may be 
added, the liquid is cooled to loom temperature and poured into the 
flask containing the red lead The sample is rubbed with a glass rod * 
till nearly all the red lead has been dissolved ; 30 c c of water contain- 
ing 5 or 6 g of sodium acetate is added and the mixture titrated at 
once with Njio sodium thiosulphate, adding the latter rather slowly 
and keeping the liquid constantly in motion by whirling the flasje. 
4JS^ben the s 61 ution has become light yellow any undissolved particles 
must be rubbed up with the rod until free iodine no longer forms, then 
the rod ft washed, and sodium thiosulphate solution, added until the 
solution is pale yellow The liquid is then titrated to the end-point 
*The iodine value of the sodium thiosulphate solution multiplied by 
094193 . = l^bQj'and' miJltiplied by 2 69973 • = 

Gla^stoqe^ criticises this ngethQd and recommends the use of hydro* 
chloric acid ^nd sodium chloride instead of acetic, acid and sodium 
acetate to* keep the leaci iodide in §olution.^ ^ 

^ This m^^thod is not applicable, when, besides the oxides of lead, otTher 
substances are present, which liberate fodine under the bonditions given. 

1921, 119, ‘ ^ ‘ 

^ See ilsoChwala and Colfe, A anah I 9 lt, 50, 209i 
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In the British Standard specification for red lead^ the following 
methtjd is recommended : — 

**One g. of red l^d shall be placed in a glass mortar with 40 c.c. of saturated 
solution of sodium acetate in 5 i)er cent, acetic acid, and shall be rubbed with 
a pestle until thoroughly ^vetted. A known excess (about 40 to 50 c.c.) of JV/io 
sodium thiosulphate solution shall be then run in and rubbing continued until 
all the red lead i!^ dissolved, after which a few drops of starch solution shall be 
added, and the#whole titrated with JV/10 iodine solution. 

JVofe , — The last few milligrammes often require considerable rubbing, and the 
addition of a little potassium iodidt* is helpful and does not affect the titration.” 

Water-soluble material may be alkaline or may contain nitrates, 
nitrites, carbonates, sulphates, sodium, and lead 

Total Silica, Five g. of the samjde is digested in a covered 
casserole with 5 c.c?*of hydrochloric acid and 15 c.c. of nitric acid (i : i). 
After evaporafing to dryness to dehydrate, cooling, treating with hot 
water and nitrjc acid and boiling, the .silica is filtered off, washed with 
hot acidified ammonium acetate solution, then with diluted hydrochloric 
acid, and finally with hot water. It is then ignited and weighed as 
SiOn. The residue may be treated with sulphuric and hydrofluoric 
acids if its purity is doubtful. 

Carbon Dioxide, Carbon dioxide may be determined by the 
evolution method, using dilute hydrochloric acid and stannous chloride. 

Soluble Sulphates, See under Sulphates other than Barium 
Sulphate under the ‘analysis of Zinc Leads (p. 446). 

Iron (hide. Iron oxide is determined by Schaeffer’s modification 
^of Thompson’s colorimetric method"^; or 20 g. of the sample may be 
treated in a large beaker with 20 c.c. of water 20 c.c. of nitric acid 
(sp. gr. i'4), and 3 c.c. of formaldehyde solution. This is then warmed 
till all the lead peVoxide is dissolved, diluted with water and heated ; the 
insoluble matter is filtered ofif and finally washed with hot water. After 
ignition the ftl.sbluble matter is filtered and evaporated w^th sulphuric 
and hydrofluoric aciSs. Fourteen c.c. of sulphuric acid (1 ; i) is addSd 
to the filtrate from insoluble piaster, the lea^d sulphate is filtered off 
and then wasjied. The residu(» from treatn^ent with hydrofluoric and 
sulphuric acid* is dissolved in sulphuric acid and added to the filtrate^ 
from lead sulphate, which is then ailuted to sogcc^and iron determined ^ 
in an aliquot colorlmetrically, jusing the same amounf oi^ nitric acid, 
sulphuric acid, and formaldehy^de in lomparisoa solution.^ •ThS result 
is calculated to Fe^03. 

1926, No. 217. . . f lac 

« A]jf»lra(^d by of the Rrifi^ Enf^incerij^^ Standards Association, fron» 

specification No. 217, #fficial copies# of which^can nie* c^itamed fronfthe Secr^ary^aS Victor}^ 
Street, ^.W. I, piite 2% 2d. ppst free. * • ^ Them,^ 4, 659. 

* Lunge^Berh Chemtsche-UchnmheVntersuchufiP^-Melioden, 6th ^i,*V’'ol. n.,^95. 
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(b) Gravimetric Method, For the gravimetric ‘estimation H, 
Forestier^ suggests the u§e of acetic acid, which reacts in accordance 
with the equation : — » 

'PbPi + 4 C,H 402 - PbO, + 2Pb(C2H802),-f2H20. 

One g. of red lead is heated for half an 'hour with lo c.c. of 
lO per cent, acetic acid and 20 c.c of distilled water on the water- 
bath, and the lead peroxide which 'separates otit is estimated either 
by direct weighing or by titration. 

J. F. Tocher recommends the following modification of a method 
given by Sutton for estimating the amount of peroxide fjn red lead ; 
2*064 g. of red lead is treated with 50 c.c. of N\\ nitric acidl(sp. gr. 1*05) 
in the cold ; PbO dissolves and PbOg remains insoluble. Ififhe solTition 
be then heated almost to boiling and 50 c c. of N\^ oxalic ^cid added, 
the lead peroxide is nearly ajl dissolved; the solution ^is then treated 
with dilute sulphuric acid and titrated with iV/s permanganate until 
the red coloration is permanent. The number of cubic centimetres 
of permanganate required, subtracted from 50, gives the percentage of 
peroxide in the red lead. 

The better qualities of red lead, when ignited in a covered crucible, 
lose from 2 4-2*6 per cent of oxygen ; inferior qualities lose less, down 
to as little as 1*3 per cent 

The amount of lead peroxide contained in the commercial varieties 
of red lead varies from 26 32 to 34*89 per cent. 

Fastness to Light, Red lead, especially in the form of powder, is not 
faster to light than vermilion ; it becomes black owing to oxidation to 
lead peroxide. As an oil colour it is much more stable. • 

Behaviour in Mixtures {Fa^^tness to Zinc White), Red lead 15 ^ 
incompatible with copper pigments such as verdigris, and also with 
the arsenic greens — Schweinfurth green, Scheele’s green, etc., when 
formation of lead peroxide probably takes place, pipht per cent, 
mixtures o{ red lead with zinc white as water cqjours, when exposed 
"fo direct sunlight under glass, faded considerably within a month 
(November) » * 

Of all mineral pigments red lead *has the greatest 'effect on the 
rate of drying of the fatty drying pi\s (formation of Ibad soap). In 
combination w^b the ails it forms pastes which trapidly harden and 
are used, as afready mentioned, packing for making close joints in 
ironwork, etc. ' * u • • , 

Artijiliatiy coloured Varieties of^ Red Lead, Cinnabar •substitutes 
^ade artificially by colburing r^d lead tv^ilfn eosin 6r azo-dyes, of by 
predpitati&n of the latter to the mineral colcyjr, veetqt fornferly, found 

^ f • • « 

Z. Chem,^ 1898, 11^1^6. ^ t 

« Ph 9 rm,% 1900, 3IC» ; /. So(„ C/tem, W.,^goo, 19, 471. 
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on the. market, but they have now been almost entirely superseded by 
superior cinnabar substitutes produced fropi coal-tar dyes which are 
fast to water and to oil (Newer Signal reds.) Amongst th*e older 
productions having red lead as a base are the following : — ^ 

Carmtnctte Yello^v ^ is a heavy, warm, red powder which, on 
heating with distilled water, forms a pink solution, having a beautiful 
green fluorescence. It consists of red lead which is coloured by ^‘eosin 
extra yellowish.” 

Carminette Blue'^ is a similar ^product, but a shade darker, and 
consists of red lead colouied with a bluish eosin. 

The products known as “ Carminettc blue-red, reddish-yellow, warm- 
red and warm-dark,” are similarly constituted. 

^Cinnabar Imitation^'' or “ bluish and yellowish cinnabar substitute,” 
consists likewise o^red lead coloured with Rose Bengal or a mixture 
of this dye with some cochineal scarlet 2R. 

Garnet Red^ a heavy, warm red powder, is red lead coloured with 
crocein, while* another quality consists of orange lead coloured with 
Ponceau 2R and 3R. 

These pigments become brown on treatment with dilute nitric 
acid, and in this way the piesence of red lead can be recognised. 

Analyses of Coloured Varieties of Red Lead (Holley). 




j \eTToilion 

Raflium \ermilion j 

— — — 

Moisture . 


0*16 

0 06 

Red lead . 


80-08 

97 99 

Barytes . 

*• 

16 -88 


Alumina . 


1 0 77 


Organic colour 


2 16 

1 95 


Brilliant Scarlet. 

• ^ 

(Iodine Red; Mercuiy Iodide; Scarlet-Red.) 

This pigment, which is onl^ lised as an artisPs colour, mercuric 
iodide. It oScurs in nature as the mineral *coccinite. Brilliant scarlet 
is one of the most unreliable of mineral pigments. It is dimorphous^ 
The rod rnodificatiem is the stable form at ortlinary t#pfip^ratures, and 
when heated, passes into the j^ellei^" rhombic form. Botjj fovns are 
mutually convertij^le into tanother,, but the yellow^ modification 
seldom changes of its own accord, ljut jj^sses into the red t^rm when 
subjected to rubbing, pressing', or dh heating below 120"^, accord ir% 
to W*ScHwarz,ihe transition •t^mperal^uren of the^two forms is 156**3, 

• 1 M,^Bottter, 3 wg/, polve^ /., 1898, 308, 15^.' 

^ QC M. Bottler, loc, ciL * * 
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(b) Gra->^ 

Forestie ^ 

with rt 
0 CL 

1 - 2 . 

CL 03 ^ 

-J ^ D* 

a> ^ 


I 

C3I 


Irm from the yellow takes place with' 
|posed to light it also becomes yjellow. 
J it turns blackish-viole^ even in twenty- 
lasses later into the yellow modification, 
leaction which is re^versible, and may be 
According to the equation : — 

jl. Hp + I. 


/iron, mercuric iodide undergoes decomposi- 
'pf mercury and ferrous iodide. Brilliant 
scarlet is recognts^i^ "by^irie colour change on heating Its purity is 
indicated by a sublimation test, or by dissolving it in\ potassium 
iodide. 


Vermilion (Cinnabar) 

This pigment is mercuric sulphide, HgS It occurs native as 
cinnabar, but this form is sold only on a very small scale at the 
present day, for in beauty of shade it is inferior to the manufactured 
varieties, particulaily to those prepared by the wet method. The 
principal methods of manufacture aie the dry method, in which black 
mercuric sulphide is first formed and then converted into the red 
modification by sublimation; and the wet method, in which at least 
one of the materials, such as potassium pentasulphidc, is used in a 
dissolved condition.^ The manufactured products arc usually sold as 
“pale** and “dark** according to their shades “Carmine cinnabars** 
are prepared in the wet way. These pigments do not contain English* 
red. The manufacturer’s specifications are expressed either by figured 
or by letters Under the designation “Chinese vermilion** some 
particularly warm vermilions of superior fastness to light are sold. 
Vprmilion is the heaviest pigment known (sp. gr. 8 It is very 
poaque and* consequently possesses great covering powder. 

Analysis. Vermilion, is quite insoluble in water, alkalis, and any 
single acfd, but soluble in aqua regia, dt burns with a pale blue flame 
when heated in the air, and if pure leaves only a trace of Ixsh. 

Metallic mercury, free sulphur ^^and iron *are best detected by 
dissolving thc,^^cr^rrilio^ in potassium monosulphide solution, (l • l). 
Brunngr observed that the ^igrpent idissoivcd in this solution with 
extraordinary ease. When the ferrous»srlphide has settled, the solution 
is colourless.* If metafiic mercury is, present, it settles after «!Bome time 
as a gre)^, cloud. The |)resence* of free* sfilphur is* detected by^the 
yellow coloration of the st^ution, wjjicb, howeyer, diijappeat^s ii; time 
as the siulp^iqr slaWly combines w(ith tjhd potassium monosulphide. 

* ^ ^ Cf. 5 Jerr and Rujwncaftip, Colour Manufacture^ p. 374. 
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Sulphur, may also be detected in the usual way, either by digesting 
with potassium hydroxide or by extracting with carbon bisulphide 
provided that the ^Iphur is present in the crystalline state. 

The quantitative determination is carried out by extfacting with 
sodium carbonate solqjtion, and then oxidising to sulphate. In order 
to ascertein the presence o£ foreign adjuncts such as heavy spar, clay, 
red lead, chrome red, brick dust, English red, etc, which, however, are 
very seldom f>resent to-day, the sublimation method was formerly 
used. In testing qualitatively for •these impurities or intentional 
additions, the use of potassium monosulphidc is preferable. After 
filtration the®residuc must not be washed with water at first, but with 
dilute potassium hydroxide solution, as otherwise Brunner*s salt 
(HgS . K 2 S . SH^O), which has been formed, will be decomposed with 
separation of black^jmercuric sulphide. Dragon*s blood and coal-tar 
dyes arc detected by extracting the samj^le with alcohol ; “ carmined ** 
vermilion is recognised by spotting a portion with ammonia on filter 
paper. These ^adjuncts, however, are very seldom present nowadays. 
On the other hand, a ‘‘Secondary Vermilion’^ is manufactured, 
which consists of vermilion intimately mixed with heavy spar. Arsenic 
sulphide is recognised by boiling with sodium hydroxide, acidifying 
with hydrochloric acid, and passing in sulphuretted hydrogen. Com- 
bined sulphur is estimated, according to P. Jannasch and H Lehnert,^ 
by burning the vermilion in a current of oxygen and collecting the 
volatile products in hydrogen peroxide. The mercury which comes 
over is dissolved by adding aqua regia, the solution evaporated to 
dryness, the residue taken up with water and h}drochloric acid, and 
the sulphate formed prccipitalred with barium chloride. 

* Hue and Fastness to Light. Veimilions prepared in the wet way 
exhibit a much greater vaiicty of shade than those manufactured by 
the sublimation process, and also possess greater brilliance. By the 
wq| method golours' ranging from bright warm orange to dark dull 
blue-red are obtained. Both a light and a darTc variety* are nead^-^, 
always obtained together as the products o4 one single process of 
preparation ; they can be separatee! by levigation These differences 
of colour depefid on size of grain, as in the oxides of mercury, oxides 
of iron, etc. * • 

According to Church ^ and A. W. Keinf,^ flie'pale^ artificial 
vermilions are the most unstabie Ifo^ A. Eibner observed, on 

the contrary, in orje hundred fluid eight jndividual tests, ^that, of the 
vermilions manufactured in the wcH: v\{;ay, tjie darTcer bluish-tinged and 

medium shades darkened much ftiore ihjensely than the palc^ti^varieties* 

• 

Z. anorg. (%hem.y 189J, I2*I29? 

7 A^Chetftistr^ of Painf% and Pamiingy p, J89. 

Techu 23, 2t2. * 

A 
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within the same period of time. The sensitiveness to Kght of artificial 
vermilion is, therefore, not proportional to the fineness of grain. The 
vermifions most fugitive in light are found amongst those prepared by 
the wet proLess. Out of fifty kinds, including three prepared in the dry 
way, 30 per cent, darkened very distinctly within four to five days. Out 
of fifty-eight samples of vermilion (of German and Austrian origin); 
mostly prepared in the wet way, only 30 per cent, remctined unchanged 
during a period of six months ; amongst these were those manu- 
factured by the dry process, and the native vermilions. After a year, 
only the sublimed and the native products showed very little or no 
change. It was observed in certain carmine vermilions* that the first 
signs of darkening on exposure to light diminished again in the dark, 
until the original shade was restored. Thus this light \reactioh also 
appears to be reversible as far as the first stage ‘s concerned. If the 
darkening effect once becomc,s stronger, then the reaction begins to be 
irreversible. {Cf. Prussian blue) As a general rule the darkening of 
vermilion in the light takes place supeificially. 

These phenomena have not }et been clearly explained. They 
depend either on the effect of the vehicles employed, or on the presence 
of a modification of vermilion transformable with particulai ease at 
the points affected. With regard to the foimcr of these suggested 
explanations, the statement by Alsbcrg that vermilion rapidly becomes 
black when steam is passed over it, is of importance, and von Ileumann 
has observed that this accelerating effect is also produced by ammonia 
and alkalis. Von Ileumann also show^cd that when vermilion is rubbed 
on a sheet of copper the latter is blackened, copper sulphide being 
formed. 

Behaviour in Mixtures {Fastness to Zinc IV/iite) The numerous 
statements which have been made with regaid to the double decomposi- 
tion of vermilion with white lead and other lead colours are in error, 
$0 far as technically pure mercuric sulphide is concerned. Experi- 
p.rn,ents hav^ shown that: — (i) Vermilions contahiing free sulphur or 
alkali sulphides turn to a dark brownish-red when boiled with lead 
acetate* solution, and also when warihed with pure white lead free 
from lead acetate (2) Vermilions from which the suFphur has been 
extracted retain their colour wh^^n treated in the same manner. 
Mixtures pf ^lAure vermilions and pure white leud made into a thin 
paste* wit|j w^ater, and allowed tev^ettfe, did not change colour during a 
year. After three years tjiey had ^ darkened suncrficially, but only 
througljthe transforniation pf the vermilion into the black modification. 
•Oil wasl^^s of mixtures of the p^ure piginents, kept in 'the dark, rem"ained 
unchanged for six ^ears. % ^ * " ** * ' ' * 

• The«da#kpning of cinnalJar m the light is not arfested by mixing it 
with white *lea(i, zfnc white, whiting, lithopone, or barium sulphate. 
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Zinc white has,* to a certain extent, a special effect. Washes made up 
from gale zinc white mixtures and .gum arabic become distinctly grey 
within fourteen days, a change also observed in mixtures prepared with 
the other white pigments. Subsequently, however, the* zinc white 
mixtures fade quite distinctly, apparently owing to oxidation of the 
vermilion. 

Imitation Vermilions. (See under Red Lead, p. 504-) ^ series of 

new coal-tar ^yes of^relatively h’igh permanence in light (permanent 
reds, etc.) has rendered it powssible to jnanufacture vermilion substitutes 
for painting signal colours, and for colour printing, wallpaper printing, 
etc., which, regards fastness to light, fully satisfy requirements, and 
naturally do not exhibit the property of blackening. Among the 
mineTal colours pale cadmium red in oil appears to be coming into 
vogue as a vermilioiy substitute, chiefly for artists’ use. 


Antimony Vermilion. 

This pigment has lost its former importance in painting chiefly 
on account of the fact that the method of preparation is relatively 
complicated and the desired shade is not always obtained. The 
Mathieu Plessy process consists in precipitating a solution of antimony 
chloride with a solution of sodium thiosulphate ; in the Wagner’s process 
tartar emetic, tartaric acid, and thiosulphate are used. When properly 
prepared it possesses a pure red colour without any yellow or blue 
tinge but with a tendency towards a brown tint. When heated with 
sodium carbonate solution or lime water it darkens strongly, and is, 
therefore, not fast to lime. •When boiled with potassium or .sodium 
hydroxide it dissolves and is reprecipitated on addition of an acid ; 
when heated it Hackens but does not sublime, and thus differs from 
vermilion. It is dissolved by boiling with strong hydrochloric acid with 
evolution of s/llphui^tted hydrogen. If iron oxide is present it gives*a 
yellow colour to tho acid solution, while chrome orange iftiparts tojK 
a green colour — these adulterations are confirmed by the usual tests. 
The vermilion darkens on addition of hydiochloric acid if refl lead is 
present and after boiling and cooling, crystals of lead chloride separate 
out. According to Mierzinski,^ antimony vermilion is fast to light ^ 
and air. By carryfhg out \he precipitation* of*antif»ony solutions 
with thiosulphate in the preserfte oftalugi, P. J. P. Souvirpn ^ iclaims 
to obtain red antimony strlpl?i4e pigments of^ improve^ colour and 
staWlity. • 

* Hal^cfd. tier ^ihenfahnkation^ vqI i^p. 5iff. Fr. Pat., 600894. ( 
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Oadmiiim Scarlet. 

This pigment is recognised by the colour of its powder, which 
differs from the very deep cadmium orange to which the name 
** cadmium red” is sometimes given. At present it is sold in two 
shades, viz, pale and dark cadmium red. Both varieties form dull 
powders of a colour somewhat lesembling that of PoTizuoli earth, but 
when ground in oil they produce red tones of stich waripth that these 
colours arc now employed as vermilion substitutes and as artists* oil 
colours. 

According to Eibner,^ both varieties of the older (^dmium red 
contain preponderating amounts of cadmium sulphidd and small 
quantities of cadmium selenide, and, in addition, heav^ spar as a 
diluent The cadmium selenide is the component rcsponiiible for the 
shades of these colours. It ^,s not yet known in what ,,way these pure 
red shades, free from any yellow tint, originate; it may b^ assumed, 
however, that a chemical compound, an isomorphous mixture, or a 
solid solution of cadmium sulphide and cadmium selenide is present, 
and not merely a mechanical mixture Experiments have shown 
that the heavy spar in these colours is in all probability piesent not 
as an adulterant, but as a substratum without which the shades could 
not be produced Puic cadmium-selenium sulphide somewhat resembles 
caput mortuum in coloui The pale varieties of this kind of cadmium 
red contain about 76 per cent, the dark about 5? cent of barium 
sulphate The must recent pioducts of this natuie contain no heavy 
spar, and in these the excess of cadmium yellow acts as the substiatum 
According to the choice ol substratum and the quantity of selenium 
present, shades \ar) ing fiom red to puiple can be produced. Cadmiuiff 
red cannot be employed as a water colour or distemper, since in these 
vehicles the necessary deepening in shade of the powdered pigment 
is^not developed. Reference may be made to H. liudleyrWard’s paper 
on Cadmiuuft pigments*^ 

Qualitative Analysis, ^ On w^arming the cadmium red colours with 
dilute hydrochloric acid, sulphuretted kydiogen is first liberated, the 
colour then becomes dirty 'red and subsequently giey, and at the same 
, tim^ the horse-radish odour of the highly poisonous selenium hydride is 
noticeable. Th^Sr compound is also detected byq the appear{ince of 
white clouds of*^ selenious acid on i^{iiti»g*thc gas. If the gas is passed 
into water or into aqueous sufphurous ^cad,a'ed selenium separates out 
On contiriueo boiling,* the pigment 43 ither dissolves, leaving only the 
insoluble heavy spar, or ‘else* selenium •irr the form of a grey poV^dcr 
remains with the latter, ^he ^arietjes, which pontaiq no heavy spar 
leave behjndionly t|;&ces of selenfUm.^ ^ ‘ »- 

^ MalnlUterialunkundi^ p. 143 . ^ ^ J Chem Assoc*^ 1927 » 4* 
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Quantitative Analysis, Sulphur and Insoluble Matter, One g, of 
the pigment is heated with concentrated nitric acid until colourless, 
the solution diluted with distilled water, and, after standing, Altered 
from insoluble barium sulphate, which is weighed. The filtrate is 
evaporated with hydrochloric acid to expel nitric acid and diluted 
with distilled water. ^he oxidised sulphides are then estimated by 
precipitation wUh barium chloride in the usual manner. 

Selenium-^ 5 g. <?f the pigmeVit is treated with concentrated nitric 
acid as before and filtered from ^soluble matter. The filtrate is 
evaporated with hydrochloric acid, several operations being necessary 
to effect coi»plete removal of nitric acid, during which process loss 
of selenium by volatilisation is prevented by the addition of alkali 
chlorWe. The liquid, which should contain at least 30 per cent, of 
its volume of conc^itrated hydrochloric acid, is treated with sulphur 
dioxide or soejium bisulphite at boiling heat for fifteen minutes, 
whereby the red precipitate of selenium first formed is converted 
into the black* modification which is easier to filter and wash. The 
filtrate is again reduced to ensure complete precipitation and the 
precipitate is collected on a tared Gooch crucible, dried at ids'" and 
weighed as selenium. 

Cadniiuni, The filtrate from the selenium is boiled to expel the 
sulphurous acid, ammonia added till nearly neutralised, and the solution 
saturated with sulphuretted hydiogen. The precipitate is dissolved 
in dilute hydrochloriq acid and the solution evaporated with sulphuric 
acid and cautiously ignited. The residue is cadmium sulphate (CdSOJ. 

L. Marino^ has described a method for the volumctiic estimation 
of wselenious acid by means pf permanganate. 

^ Fastfiess to Light. The cadmium reds appear to be quite as 
permanent in the light as the technically pure cadmium yellows. 
Water and oil colour washes underwent no change during a period 
of two years. • ^ ^ 

^Behaviour in Mixtures {h^nstness to Zinc IJVtitc) Cacknium reds, 
like the cadmium yellows, are incompatible )yith the arsenic greens. 
Two per cent mixtures with mne white in the form of water-colour 
washes, undereglass, faded very distinctly in t month. 


Chrome Red 

This colour, the most .baei^ lead c&romate (Pb^/OH^^CrOJ, is 
prepared on the manufacturing scale by adding a ‘‘ cream j)f white 
lead^round in waiter to a b8iliTig*solut?6n oT neu1:ral potassium^hromate^ 
boiling th» mixt^e vigorously for^ighf or t^n minutes, until it atteins 

a deep violet shsftle, allow^g the#resulting preci^ate tA sqjttle, and 

• • • * • • • 

^ Z. anotfi, Chem,^ 1909,^3, 143 ; /. €oc, Qiem, Ind,^ 29, 85.^^ 
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washing it with boiling water. The product so obtained is dull iii 
shade, and must be further treated with dilute sulphuric acid to convert 
it into^ true chrome red, after which it is washed to remove the acid. 
Another process, by which bright shades may be obtained, consists 
in adding a mixture of basic lead chloride and caustic soda to a boiling 
solution of potassium chromate, and washing tlie precipitate ^formed ; 
subsequent treatment with sulphuric acid is unnecessary. Dark shades 
cannot be produced in this way. r 

The great disadvantage in this pigment is its gritty crystalline form. * 
When ground fine the colour is no longer dark red but more or less 
orange-yellow. ^ 

Chrome red finds its chief application as a substitute for vermilion 
in fresco painting. It can be mixed with oil, but separates agaijfi very 
quickly on account of its high specific gravity.t It has the limited 
fastness of all lead colours. . 

By suitably influencing the formation (size) of the crystals, very 
beautiful shades may be obtained, such as those sold under the names 
of “chrome garnet ” and “ chrome carmine.'' Other names applied to 
it commercially are “ Persian red," “ Derby red," “ Vienna red," 

“ Victoria red," “ American vermilion," etc. 

Chrome red dissolves in dilute nitric acid to a clear red solution, by 
which means it may be distinguished from red lead and vermilion. 
Treated with hydrochloric acid a green solution is formed containing 
a white precipitate of lead chloride.^ Analyses are given on p. 488. 


VI. Blue Pigments. 

The naturally occurring blue pigments, lazuli ox native ultra- 

marine, Azurite and the Blue earths (Vivianile, Ferrous phosphate), are 
seldom used. ^ „ 

The artificial blhe mineral pigments in present use include Vhe 
Tran Cya 7 iide Pigine^its : Paris blues (Berlin blue), Turnbull's blue; 
the Copper and Cobalt blues ; and the Blue Ultrafnarincs, 

Prussian Blues. 

(Chinese BlucV Berlin** Blue ; Paris Blue. Other designations aref 
olcasbnally used, such as Stcfel or Milori, Antwerp, Mineral blue, 
Brunswick blue, qjc.) 

The^ typical Pru.ssi^n blue * 4 nd the fterlin and Paris bluds of 
commerce^are still usually flefiried aj identical ^substapees. ♦£. J^. Parry 
and J. p. /)oste ^^tiave pointed out that <the pigments found on the 

t * * « * 

^ Cp Zer^and RUbtn<^mp, Colour ^Manufacture^ p. ^ 3 . ^^7'ke Chemistry of Pigments 
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market under the names “ Prussian^ blue,” “ Berlin blue,” “ Paris blue,” 
** Chinese blue,” ‘‘ Steel blue,” “ Milori blue,” etc, are mixtures of ferric 
and ferric-potassti^m ferrocyanides, whereas* the blue obtained from 
potassium ferrocyanide by the action of an excess of ferrie salt in acid 
solution is ferric ferrowanide free from potassium, and does not occur 
in commerce. The trade name “ Prussian blue ” is therefore a collective 
name. In fact lihese pigments differ considerably in chemical composi- 
tion, hue, and ,stabilit^. Chinese blue is the best quality of Prussian 
I blue and has the average compositiyn shown on p. 514. Brunswick 
blue is a Prussian blue lake produced by striking the blue on a 
base of barjites ; it may also contain ultramarine. It has replaced 
Antwerp blue. 

According to L. Pelet-Jolivet,^ the most important technically pure 
commercial varicti^ of iron cyanide colours contain the following 
amounts of potassium and water: — 


e 

Potvsgiuin 

Wat( r letained 


r cent | 

I at no*. 

Steel blue . . ... 

21 0 

10 T) to 14*0 

Steel blue with coppciy lustre . 

19*1 

207 1 

Pnissiin blue, orclinar)^ 

16-8 

29-4to37‘8 1 

Prus'^ian blue with copper j lu'^trc 

, 16 4 

33 8 

Prussi 111 blue, dark 

Puissitin blue (theoretic il) . 

12 20 

42 0 

0 0 

28-0 to 42-0 1 


According to C. Chorix,- Steel blue has the composition 
JKf^Fe^Fe '4,Fe"(,(CN)3(,; and the insoluble Prussian blues the composi- 
^k>n K^Fe'^^Fe g, with varying amounts of adsorbed water. 

{Cf, Turnbull’s blue.) Since all the commercial varieties of Prussian 
blue described as insoluble in water are not quite insoluble, soluble 
Prussian blue^ l""^6(CN)i2K^, must also be taken into account as a 
cofnponent p 5 rt* of these products. P. Woring^*^ has ajjvanced tKe 
view that Prussian bfue is a ferrous ferricyanide. T. H. Bowles afRd 
J. P". Hirst^ favour the ferric /er/ocyanide fSrmula for the pigment, 
regard the determination of the iron-cyanpgen complex as the best 
method of valuation, amd point to the influence of the alkali present 
on the combined water content. * 

Preparation. According to^Zerr and Rubencam^ the “direct 
process ” of manufacturing non cyamde pigments by preci^itafion of 
potassium ferrocyaSiide with exeSss of fefric sali: solutioi> is»now only 

* L. PekuJfJhvet, 7 heo^e ^thepro^e’i^es^^. 2i^. 

2 ftude sm Jes Bleus de Pt u^se nllh^ Dissertation, Lausanne, 
y. ptakt^j^em.^ 1^14, 84, 51* A Gli^nmAd ^ 191^, §3, 148. 

^ J Oil and ^ol, Chem 1926^9^ 153. 

® Colour Manufactme^ p, 165. 


IL 
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used for the preparation of a few varieties of Prussian blue, since the 
pigments obtained by this method cannot compare in beaufy of shade 
with fnose prepared by tlie ‘‘ indirect process.” 

Chinese BlucSy Steel Blues ^ and Milort Blues are manufactured 
almost exclusively by the indirect process, in which Berlin white 
(white paste), FeK 2 Fe(CN)Q, is first prepared by the action of potassium 
ferrocyanide on ferrous sulphate. The product is then converted into 
the blue by various processes of oxidation, formerly the oxidation 
was chiefly carried out by blowing in air. At the present time 
nitric acid, aqua regia, ferric salts, and, more frequently, chlorine 
derived from bleaching powder or potassium chlorate and hydrochloric 
acid are used. Blues made according to a formula where the white 
precipitate is not treated with acid previous to oxidation I are known 
as Chinese blues ; those made where treatment pfecedes o^^idation are 
known as bronze blues.^ The process of foimation of ithese blue 
pigments is still generally regarded as being represented by the 
following equations : — 

I. K,tc(CNX -f- 2 l^eSOi - le,.Fe(CN), +2K^S0,. 

11. 3U^e^l^e(rN)J + 30 - [kc<CN),]^ 

As an expression of the formation of the Prussian blues these 
equations are inadequate if the hypothesis be admitted that the 
potassium-content is not due exclusively to adsorption, but is, in part, a 
component of the molecule, as must be concluded from the composition 
of Berlin white. 


Coinpositiun 

(, hiiM •>< liliK a 

Prii>>biaii Blues 
(Parrj and Co-jIi ) 

Moisture lost at 100‘' ( 

2*04 to 3 45 

3*5 to 5*6 

Wuer of conibiuation 

8-7r> „ 

6 2 18 2 

Cyanogen 

36-5 „ 46*1 

37*7 „ 43*0 

Iron 

32*3 „ 35*8 1 

1 ‘*9 .■'>,,34 *3 

Alkali meldl — Na . *. 

1*6 „ 3*8 i 

1 7*6 

or K . 

4*9 

2*2 to 7*7 

Alkaline sulphate . . a . 

1 *5 to 3 6 , 


Silica* ... . . 

/)*1. „ 1 0 

1 


Although Prussian blues were formerly produced nearly exclusively 
from potas^iuny ferrbeydnide or ferricyanide, the difficulty of obtaining 
potash during the War led to fhe prcpaiation of these blue pigments from 
the iron-cyanogen compounds of sod'iim. Since a small but definite 
proport^n of adsoibeS alkay forjns'an integral part of Prussian blues, 
fhe substi4ition of sodium for jjdtassiuln gave a blue inferior in beauty 
of tbne.® ^ ► 

* ^ f.. {4orns,y Oil and Col. them, 1920 , % 1 54 . 

^ AKa/j^f/t 21* 227 , J S. F. fcrovc, DtHtgSf Othf and J^atnls^ April 1919* 
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Soluble Prussian Blue was formerly obtained by treating a solution 
of potassium ferrocyanide in excess with^ ferric chloride. In the 
preparation on a^ technical scale sodium sulphate is added \o the 
solutions of the reacting substances, whereby the colour ub salted out. 
The precipitate is waghed with water until the washing water begins 
to turn •blue. Another method depends on the solubility of insoluble 
Prussian blue in oxalic acid The initial precipitate is ground in the 
form of paste with crystallised oxalic acid in a mill, and, after some 
time, the mixture is dissolved in. hot water. This pigment was 
formerly used for colouring paper and also in the dyeing of textiles. 

It could not^be used in painting as it would stain the paper. 

Physical Properties of the Commercial Varieties of I/on Cyanide 
Pignients, The varieties designated “ Prussian blues ” come into the 
market in deep bli^e oblong pieces which are very hard, dense, and 
tough, and exhibit a strong copper-likejustre both externally and on 
freshly broken surfaces This lustre is said to be produced chiefly by 
the method usfed in drying (at first slowdy at the ordinary temperature, 
then at 75 ''- 90 °). It appears, however, that pressure is also employed. 
According to Zerr and Rubencamp, these varieties arc mostly prepared 
by the direct process. 

The pigments known as Steel blue ” (a special pale bronze blue) 
or ** Milori blue,” on the other hand, form dull rectangular pieces, very 
much lighter in colour than Prussian blue. The Steel blues are lighter 
than the Milori blues ; both brands are of low density, fragile and 
friable. When ground, they assume only a very imperfect copper-like 
lustre. So far as is known, these varieties are manufactured exclusively 
•by the indirect process. Intermediate betw^een Piussian blues and 
Sfleel blues lie the “ Bronze blues ” One essential for producing a good 
bronze blue on a large scale is that the colour should be finely ground. 
Distinct differences in shade exist between the individual technical 
products. Be«ides the typical green-tinged blues other varieties occyr 
possessing a violet ^inge and dull shades. Th6 colouriitg power^of 
the iron cyanide colours is extraordinarily great; no other mineral 
pigment approaches them inr this respect, but they possess less 
colouring power than most of*the blue ccfal-tar dyes. In addition, 
they have a ffronounced glazing power, a property lost when they*are«i 
applied, in thick co»ts, on account of their pewer ofc ^ibsorbing light • 

L. Bock ^ considers that tlie distinction between Parfs and Pjussian 
blues is founded upon the puwtg of the colour, which depends on the 
quality of# the substances used •in^manufactifre. The* presence of 
FeFl(CN) 5 CO imparts a '?iofet*tinge**to flie ffnished blue. JHie large 
variety of^hadej^f Prussian bkie%are 3ue conditions of temperature 

and concentratioit of the s?)lvtion», and fo the method a&d extent of 

• • • • • ^ 

* 2 , an^Av, Chem,^ xg«6, 29, 166. 
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the oxidation. Steel and milori blues probably differfrom Paris and 
Prussian blues in physical nature and not in higher content of 
potassfium and lower content of iron. 

Fastness^ to Light. The Prussian blues turn white on exposure to 
light. This action, which is reversible, is regarded by Eibner as due 
to reduction to Berlin white. The bleaching effect can be-stopped 
immediately by treatment with moist chlorine, nitria acid fumes, or 
other acid oxidising agents, the blue colour hDeing restored. The 
change is therefore due to a chemical reaction on which water exercises 
an accelerating effect. As water colours and in the unmixed state the 
Prussian blues occupy an intermediate position as regards fastness to 
light, under normal conditions of moisture. Church found that a water- 
colour wash in dry air retained its full intensity during a period of four 
years. On the other hand, when enclosed in a glairs tube wi^h ordinary 
air, it diminished, within thrtecn months, from the Intensity lO, as 
measured by Lovibond’s tintometer, to intensity i, and became sea- 
green in colour. He also observed that soluble Prussian blues were 
more unstable in the light than the insoluble varieties. An oil-colour 
wash, on the contrary, became somewhat green after five years and 
lost only one-tenth of its original intensity. A. P'ibner observed no 
diminution in intensity of Piussian blue artists* colouis when kept under 
glass for two and a half years Out of nineteen different commercial 
varieties of IVussian blue only one showed slight diminution in 
intensity of shade within eight months. 

Sensitiveness to Zinc White. The last-named varieties behaved 
quite differently when made up into pale mixtures with zinc white, 
and tested in the form of a wash with gum arabic. A. Eibner found 
that no coloured pigment is altered so rapidly in the light by zinc 
white as the Prussian blues; 05, 2, 4, 8, 16, 32, and 64 per cent 
mixtures of all known commercial brands of JVussian blue. Steel blue, 
li^ilori blue, etc., faded under glass in direct sunlight j(August) within 
two hours to about hklf their original intensity, and, at the same time, 
turned very green. Thf restoration of the colour in the dark depends 
on the intensity of the tint and the duration of exposure to the light 
The paler mixtures require four months to return to their original 
intensity of shade, but, for the most part, the green tinge persists. 
Like other figments, mixtures of Prussian blues wdth white lead, heavy 
spar, l^thopone, or whiting suffer ^oss, cinder the same conditions, than 
mixtures with zinc white. These diU\cttts protect the blues much less 
than otljer coloured pigments. * » 

• In oil^ the destructive actioh of iinc white onHVussian blues is 
very much less than when 'vehicles soluble in water arc employed 
« Comp^itif il^ty in Mixtures. Fastnes\ to Oil. It has long been 
known that mixtures of Prussian blues and caput mortuum or 
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vermilion in orl darken after a time. This is probably due, in the 
first place, not to chemical changes, but to jeparation of the mixture 
according to the specific gravity of the pigments. Washes of equal 
shade made from mixtures of Prussian blue and vermilioft, in linseed 
oil and oil lacquer varnish respectively, behaved differently in that 
only the former darkened^ on drying, as the vermilion then had 
time to separate from the Prussian blue in conformity with its 
specific gravPy. It ^as been observed that slight double decom- 
position may take place between Prussian blues and pale cadmium 
yellows, with the formation of thiocyanates or of potassium ferrocyanide. 
The former was the product from a cadmium yellow containing oxalate, 
and the latter with one containing cadmium carbonate. 

Fastness to Lime. All the iron cyanide colours are almost instantly 
decomposed by al^-alis, the typical Prussian blues forming ferric 
hydroxide and. potassium ferrocyanide. •This reaction serves for the 
qualitative detection of these pigments. Slaked lime behaves in the 
same way, but reacts more slowly. Hence the Prussian blues and all 
mixed colours such as chrome greens and zinc greens cannot be 
employed in lime or fresco painting. The decomposition by potassium 
hydroxide is represented by the equation : — 

Fe,[Fc(CN)J,-M2KOH ^ 3K,he(CN), + 4Fe(OH)3. 

Adulterated Varieties are those brands, sold under the names 
Brunswick bluel^ Berlin bluel^ Mineial blue” Paris blue]^ and the 
older names ''Hamburg,'' " "Erlangen blue." They contain 

additions of clay, heavy spar, zinc white, magnesia, gypsum, etc. The 
bbject of these additions is*paitly to lower the price, and partly to 
heighten the shade or produce covering power, as, for example, in 
Mineral blue. These pigments, in the form of water colours, 
distempers, etc., are not so fast to light as the untreated Prussian 
-bl^es. ; • ’ • 

Anttverp Blue is a mixture of iron and zinc ferrocyanifles. It ]^s 
a violet shade and is duller and covers beUer than Prussian blue. 
Washing Blue consists of Prussran*blue mixed with starch meal. 

Analysis. •(!) Technically pure Pi ussian^ Blues, Since commercial 
Prussian blues, almost without •exception, contain potassium, the^ 
estimation of the latfer is of ijnportance. E. J! PaFry^a^d Jt H. Coste ^ 
incinerate the pigment, dissolve •the* weig^jed ash in hydrochloric acid, 
filter off any insol^ible matCer,*prccipitate the iron and glumina with 
aminonia, %nd after weighjn^ the* mjxed^ oxides reduce the i|on with 
stannous chloride and determine it wdt\ permanganate ; the.aluminium 
is estknatid byiMifiertnce| AfEtfr drj[’\4ingf*off aigpmonium salts* the 
alkali^ (in combination ai^ chloridfi)^ is determined* in fikrate bj^ 

^ Analyst, 1896, *21, 21$. 
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titration with silver nitrate. The sulphuric acid is estimated in a 
separate portion of the filtrate. From the figures thus obtained — the*" 
weights of alkali salts, hydrochloric and sulphuric, acids — Parry and 
Coste were^ able to establish the fact that the alkali metal was 
practically always present either as potassium o^ as sodium, and never 
as a mixture of the two metals. 

S. F. Grove ^ records an attempt to produce from sodium ferro- 
cyanide Prussian blues equal to those made from the potash salt, by 
precipitating in the presence ofrpotassium and ammonium salts and 
thereby effecting a considerable economy of potash salt. 

Another weighed amount of the pigment is boiled for some time 
with potassium carbonate, and the ferric hydroxide obtained dried, 
ignited, and weighed. The resulting weight multiplied by 0 7‘ gives 
the iron other than that present in the radicle, e Small amounts of 
aluminium (1-3 per cent) were found by Parry and Coste in most 
of the Prussian blues ; this, they state, is not an adulteration, as 
alum is frequently added as a precipitant in the preparation of these 
pigments. Potassium ferrocyanide was sometimes present, and could 
be washed out. According to B. Dyer,^ the nitrogen is estimated by 
the method of Kjeldahl. The sulphuric acid should not become 
blackened during the determination ; if coloration takes place, then 
according to Parry, foreign organic matter is present. 

The determination of moisture is carried out at 100". According to 
Williamson, the total water-content is best determined by combustion 
with lead chromate. Parry and Coste state that a pure Prussian blue 
should contain about 20 per cent, of nitrogen and 30 per cent, of iron, 
calculated on the dry substance. A “dry” blue should contain under 
7 per cent, of water. 

Church carries out the qualitative examination for alkali by 
incinerating the pigment and testing the aqueous extract with turmeric 
paper. If a Prussian blue contains potassium ferweyanide, Jhe. 
pev^assium fPom the latter will also be present in Ihe ash as potassium 
cyanide. Church then recommends extraction with hot dilute hydro- 
chloric acid, whereby the potassium ierfbeyanide is dissolved. Accord- 
ing^ to Zerr and Rubencamp, the Milori blues often contain tin 
^ compounds. {Cf. Turnbull’s blue.) ♦ 

The foUowing nlethbd is recommended by Pox and Bowles®: — 
Total 9 lrofh and Aliwiinitim. , Om^og. bf the pigment is weighed into 
a porcelain ^crucible and gently ig»itJbd "until thp blue colour has 
completely disappeared and ^ncaqdescence has ceased. Th© ash, when 
cool, is m«^istened with a few drops of riitrlc acid, taking care to prevent 

loss'through effervescency*' and the* excess of^acid tr evaporated off. 

' 4. 

e * , * 

^ OtlSy and April, I9I9.» ^ /. 1895, 67, 81 f. 

* The ^nalyeis'of^igments^ PdtniSy and Varnishes^ p. 67. 
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The contents of the crucible are washed into a small beaker with a 
little d^istilled water and the crucible is treated with a little hot hydro- 
chloric acid to di.^solve any iron compound adhering to the surface, 
and this, with a little more hydrochloric acid is added to#the beaker. 
The liquid is boiled, ^ilutcd, and filtered from any insoluble matter. 
Ammonium chloride and ammonia are added to the filtrate and the 
precipitated iron and aluminium hydroxides collected on a filter and 
well washed. The precipitate is* dissolved in hydrochloric acid and 
the liquid is diluted to a definite volupne. The iron is then determined 
in an aliquot portion by titration with titanous chloride solution ^ or as 
described un^er iron oxide pigments (p. 495). In a second portion the 
combined weight of iron and aluminium hydroxides is obtained gravi- 
metrically and aluminium is thus found by difference. For more 
accurate work a di^ct determination of aluminium may be obtained 
by precipitation with sodium thiosulphate, or by dissolving the com- 
bined iron and aluminium hydroxides in dilute hydrochloric acid and 
adding i g of tartaric acid followed by ammonia until alkaline. The 
iron is removed by precipitating as sulphide and the clear filtrate is 
evaporated to dryness. The tartaric acid is then destroyed either by 
gentle ignition followed by the extraction of alumina with hydro- 
chloric acid, or by evaporating to small bulk with nitric acid when 
the alumina is precipitated with ammonia and weighed in the usual 
manner. The iron may similarly be obtained by a direct gravimetric 
determination by trajisferring the sulphide to a crucible and igniting 
to oxide. 

Lime, To the filtrate from the iron and aluminium hydroxides 
•one or two drops of ammoiiium oxalate arc added. If calcium is 
pTesent, a slight excess of the reagent is introduced and the calcium 
oxalate is filtered off and weighed as CaO in the usual manner. 

Alkali Mefah. After precipitating any zinc present in the main 
♦filtrate as sij 4 pjiidc, a preliminary treatment may be necessary to 
remove any alkali sulphate initially present a^ an impurity as^ if 
present, it will interfere with the separation qf sodium and potassium 
by the platinic chloride or perthlbrate method. This is accc^nplished 
by evaporatiiig to dryncjs, expelling any afhmonium salts and taking 
up the residu<f with a few drops ^f hydrochloric acid and hot water*«< 
The sulphate presen* is then j^recipitated hot with -a rftiij^imum quantity^ 
of barium chloride and filteredf Excess^ barium is removed V pre-^ 
cipitation with anjmonium* ca^l^jpnate and the filtrate evaporated to 
dryness ai#tl the ammonium salts*drjven off b/ gentle ignition. The 
resiSue is treatedVith a littlh ITydrochlonc ac*id, dissolved jjj a few c.c. 
of distilled wat^ transferred to*» platinum* dish, again evaporated to 
drynq^ss and genfly ignited gver an Argand burner, gives the 

^ Fox ahd Bowles, A?c p. go. 
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total potassium and sodium chlorides. The residue is ‘again dissolved 
in a few cc. of hydrochloric acid and the potassium determined 
either* as potassium platinichloride or as pota,ssium perchlorate 
{ff- PP. 399H07). 

Cyanogen. In the absence of ammonia as a constituent of the 
pigment, cyanogen may be determined as follows : 0*3 g. of the pigment 
is weighed into a small specimen tube of such a size* that it may be 
slipped down the neck of a Kjeldahl digestion *tlask. This is placed 
in the digestion flask together yrith 10 g. of sodium sulphate and 
20 c.c. of pure concentrated sulphuric acid. A blank determination 
is similarly made, using the same quantity of reagents, tvjgether with 
a crystal or two of pure cane sugar. One or two drops o^ a solution 
of ferric chloride, or a crystal of copper sulphate are added to accelerate 
the decomposition. The digestion is carried out ^n a fume cupboard 
which is free from ammonia «fumcs. When the acid is colourless or 
only slightly coloured the flasks are allowed to cool. The contents 
are rinsed into a distillation flask, about 100 c.c of concentiated soda 
solution (sp. gr i 3) added until distinctly alkaline, and the liquid 
steam distilled, the distillate being received in an Erlenmeyer flask 
containing 100 cc. of standard Njio sulphuric acid, the end of the 
adaptor attached to the condenser dipping just beneath the surface 
of the acid. The Erlenmeyer flask is fitted with a thistle funnel outlet 
containing a little glass wool moistened with the standard acid. When 
distillation is complete (in about thirty to forty minutes), the thistle 
funnel is washed through into the receiver with distilled water and 
the excess of acid is determined by titration with iV^/io soda, using 
methyl orange as indicator. Fox and Bowles prefex adding 10 c.c.' 
of 20 per cent K1 solution and 5 cc. of saturated KIO3 solution to 
the distillate and titrating the libeiated iodine with Njio thiosulphate 
solution, starch, if desired, being used as indicator. The blank is 
distilled in the same way. One cc of A710 H/S04 .=j o 0026 g. ^of 
cyanogen. • 

Ammonia. The proportion of ammonia in ammonia Prussian blues 
may be determined by distilling i *g. ‘with soda, the distillate being 
received in 50 cc. of N\\b H^SO^ The excess of acid <s titrated in 
♦the*manner indicated in the method for cyanogen aboVe. 

• Water. oscepic. One or two g of the pigment is« heated 

in a shallow weighing bottle^ provided with a close-fitting lid, for two 
to four hours in a water oven until cqpstant in weight. As the dried 
pigment iS very hygroscopic, care should be taken to keep the weighing 
vessel weH closed during* weighin|[. * * * 

(b) Combined Water. Short* of utilising^ a full cofqbustidp process, 
combined wa\:qr is njost readify olxtakied by differenedwhen a conjplete 
analysis has been jmade. 
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(2) Adulterated Prussian Blues, For the detection of adulterants 
the action of alkalis on the ferrocyanides is employed either by 
filtering off the ferric hydroxide obtained, dissolving it in sulphuric 
acid, 5 hd titrating the reduced solution with permanganate; or by 
determining the potassium ferrocyanide formed, by one of the standard 
methods. {Cf, VoL I.^PP* 630-638.) The quantity of pigment found is 
compared with •the quantity contained in a technically pure Prussian 
blue. . • 

Another method of determinati^;)n is that of M. Dittrich and C 
IlasseV which is carried out as follows : — The blue is decomposed 
into ferric hydroxide and sodium ferrocyanide by boiling with pure 
sodium hydroxide. When the reaction is complete the ferric hydroxide 
is filtered off, well washed, the filtrate treated with 37-40 c.c. of 10 per 
cent, ammonium lyrsulphatc solution, acidified with dilute sulphuric 
acid, and heatc;fl until all the sodium feri^cyanide is decomposed. The 
two iron precipitates must be dissolved again and reprecipitated, as a 
large quantity of alkali adheres to them. 

A sample of Brunswick Blue analysed by Hurst gave the following 


numbers : — 

H^O ...... 0-28 

AiPi 2-45 

Fep, 3*31 

B.iiytes and silica .... 89*86 
Cyanogen and sulphui . . . .4*10 


The qualitative determination of the mineral admixtures is carried 
*(jtit according to the method of Bolley-Stahlschmidt,'^ by first decom- 
posing the cyanogen compounds. Two g. of the Blue is mixed 
with an equal weight of ammonium nitrate and three times the weight 
of ammonium sulphate, and the mixture heated in a small tubular 
*r^ort provided with a receiver but not luted to it. All basic com- 
pounds, with the exception of ammonia, remain in the*retort. The 
residue is warmed with water slightly acidifieiJ with hydrochloric acid, 
in which heavy spar, gypsum, flay, and sand remain undissolved, and 
the separate •constitue»ts of the hydrochloric acid solution and of the 
insoluble residue arc identified by*the usual tests. ^ 

Another methocf is to boil the blue with ammonia^iiVtiUt is entirely 
decomposed, and then filter. * Tt!h filtrate will contain zinc and 
magnesia if present, also ^ammonium ferrocy^anide. Jhe, zinc and 
magnesia^arc recognised ^y^ the •us«al ^sts,^and the fcrroc)4anide by 
making aj)ortion*of the solution ^slight Jy acid with hydrochlamc acid and 

» 1903, 36, Also, C.K)offignier, “ V«rfelir 5 i zur Bestomung v^n Berliner Blau,*’ 

iy»//. [ 3 ]» 1904. 391 *; 1904, ^56^ * • • 

® Handbuch der tech, them, Uniersttchungen^ Sth^ed., j>. 398. 
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adding a solution of ferric chloride or ferrous sulphate. • Theoretically 
it is the ferric salt that should be added, but in practice the ferrous 
salt ha§ often to be used. ‘The blue colour of Prussian blue reappears. 
The brown r^^sidue (after the original boiling with ammonia) is iiltered 
off, washed well and dissolved in hydrochloric acid. A white residue 
would indicate the presence of barium sulphate, china clay, etc., and 
special tests for its identification should be applied, while the solution 
will contain the iron, alumina and caldium, if presfent. ^ 

Turnbull's Blue (insoluble) is formed by the action of a ferxous salt 
in excess on potassium ferricyanide. It was first prepared by Gmelin, 
and was then considered to be ferrous ferricyanide formed according 
to the equation : — 

2K Fc(CN)„ + 3FeCl. = Fe ' [fe(CN)J, + 6KC1. y 

On warming it with alkalis, however, potassiumV fcrricyai\ide is not 
regenerated, only potassium ferrocyanide and a mixtifre of hydrated 
ferric and ferroso-ferric oxides being formed. This, reaction was 
formerly expressed by the equation • — 

Fe"3LFc(CN)J, + 8KOH =- 2K,Fe(CN), + Fep, + 4Hp. 

K. A. Hofmann' is of opinion that an intei change in the state of 
oxidation of the iron takes place in this decomposition. E. Muller and 
T. Stanich “ found that freshly prepared Turnbull’s blue is, in fact, a 
ferrocyanide, but is not identical with Prussian blue, since ferrous iron 
is also present apart from the radicle, together withi potassium and ferric 
iron, and as a result of their investigations suggested the formula 
KFe"Fe'",[Fc"(CNU. 

Experiments by A. Eibner, made to gain information as to differ- ' 
ences in colour, fastness to light, and miscibility of Prussian an^ 
Turnbull’s blues, proved that freshly prepaied Turnbull’s blue which 
has been rapidly washed is not identical with the typical Prussian blues, 
either in shade or stability to light and vehicles, k po,ssf>"sses an u^y 
tor^e resembling that of indigo, and when made up as a water-colour 
wash of deep shade fadps very markedly within three weeks. This 
reaction reversible. The longer ht is in contact with air during 
the process of washing, thc‘more stable ‘to light^ docs it become. The 
• ♦behaviour of Turnbull’s blue with adne white is essentially different 
irom that o^ P^wssian blue, and it is more sensitive towards organic 
vehicle^ th^n the latter, ^ • 

The soluble modification ,of Tun>btiir^ blue, v(hen treated with 
various nietalhc salts, especially tho^e of tin, forms particularly beautiful 
iifsoluble bjue compounds. An exceptionally fine Turnbull’s blue con- 

* *i a * * o 

Annalen , 19^4, 337, l« 1905, 340^ 2fo7 ; 1905, 342, 464; /. Soc .^ Chem . /«</., 1904,23, 

1209; 1905, *24, ^^21. < ^ - 

^ X prakt , € hem *^ i9Q9i 79> 

« « 
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taining.tin can" also be, obtained* by mixing together solutions of 
potassium ferricyanide and a ferric salt, and adding stannous chloride. 

The presence jf tin in Turnbuirs blue may be detected by*fusing 
it witJf* a mixture of sodium carbonate and saltpetre, and dissolving 
the melt, which contains the tin as sodium stannate, in hydrochloric 
acid. The solution is filtered, if necessary, and when treated with 
sulphuretted hydrogen, tin sulphide gradually separates out. 

Turnbuirs# blue cannot be employed as an artists’ pigment, on 
account of its instability and dull sjiadc. Nevertheless, according to 
Church, it forms a component part of many commercial Prussian, Steel 
and Milori Wues, and is the cause of their instability in the light The 
same ideas are expressed in Cherix’s formulae for Prussian and Steel 
blues*(p. 513); it would appear that, in the oxidation of the “white 
paste,” the iron outride the radicle is not completely changed into the 
ferric state, dn the other hand, Isibnejr, on examining a considerable 
number of commercial Prussian and Steel blues, found no ferrous iron, 
whereas the letter was present in all Turnbull’s blues, whatever the 
method of preparation. 

Freshly precipitated Turnbull’s blue made up as a wash with gum 
arabic is much less stable than the Prussian blues. Test portions 
faded within three weeks to about half the original intensity, and 
became sea-green in colour. In the dark, or under the influence of 
acid oxidising agents, this reaction is reversed. As in the Prussian 
blues, the change is therefore brought about by reduction, but in 
Turnbull’s blue the ferric iron portion outside the radicle is affected. 

» . Blue* Copper Colours. 

These artificial pigments consist essentially of cupric hydroxide, 
the pale and somewhat greenish shade of which depends on the method 
*of manufactufe; They are for the most part durable in lime, henpe 
the name Lime bliie'' \ but they are not applicable asi oil colours, 
since they turn green in oil, forming copger salts of fatty acids. 
During recent years they have bten largely displaced by ul1?ramarine 
and by the coal-tar colour la!ces. They are still used for painting 
exteriors, in house painting, and ip distemper. • ^ 

Mountain Blue, •This name has been transfemed^fpom the mineral 
“azurite” to the artificial product, ^khough the latter does%ot |)Ossess 
the same composition as tfce tryneral. The colour is prepared from 
cupric chloride obtained by the action of calcitim chlorfde *on copper 
sulphate; the cifpric chl8rifle*is tre?ite 5 wifh lime paste^^ producing 
green#coff|)er oxychloride, jvhich is then ccpiverted into the blue cxilour 
by adding pota^ium carbopate end* milk of lidjp. Its*»coinpositio«i 
corresponds to the formula 2CuCO^%Cu(QH).^. * 
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Lzme Blue is prepared in a similar manner, but in otle operation, by 
precipitating a solution of copper sulphate with milk of lime^ with 
addition of ammonium chloride. It consists of cupriQ hydroxide^mixed 
with lime. tLime blue sold in the form of oblong rectangular lumps 
is known as Neuivied blue. The name ‘‘lime is now generally 

applied to the lime-fast blue coal-tar coloyr lakes and to ultr&marine 
cheapened by the addition of gypsum^. ^ • 

Bremen Blue is manufactured by the “ direct process as follows : — 
Green basic copper sulphate is precipitated by treating a solution of 
copper sulphate with sodium carbonate solution of sp. gr. 1*075, 
the product is converted into the blue by further treatment with a 
more concentrated solution of sodium carbonate of sp. gr. 1*26. In 
the “indirect process’’ a solution of copper sulphate is mixed with 
common salt, scrap copper, and caustic soda, thc\ mixture placed m 
oxidation boxes, and left to ceact in the presence of»air for severs^^l 
months, whereby green cuprous oxychloride is formed. The product\^ 
after being passed through a sieve to remove unoxidised particles 
of copper, is treated with a definite quantity of hydrochloric acid, 
and finally converted into the blue by means of caustic soda at a 
temperature not exceeding 30'' to 35^ 

It consists mostly of copper hydroxide Cu(OH)2 with small 
quantities of carbonate of copper. 

Blue Verditer is a pigment of a sky-blue tint, very similar to 
Bremen blue in its composition and mode of preparation (the percentage 
of copper sulphate present may vary from 9 to 31). 

Gypsum, ground pumice-stone, infusorial earth, etc., occur as 
adulterants in these copper colours. The analysis is carried out 1^* 
the usual methods, and includes the estimation of copper and water, 
and also the amount of additions. 

Oil Blue} This pigment, which is a specially prepared form of 
capper sulphide, is applicable as an oil colour. It 'Is manufactured J?y • 
intjoducing topper filings into boiling sulphur ; after cooling, the mass 
is boiled with caustic soda in order to remove the excess of sulphur. 
This colohr is unaffected by sulphuretted hydrogen, but it can be used 
only in Hnsced oil varnish, as it becomes oxidisejl in other* vehicles. 

^ 4, * 


Blue Cobalt CJolours. 

These colours consist essentially qjf glass fluxes pr alumina (cobalt 

aluminates with alumiha) coloured blue by cobalt oxide ; hence they 

approxime^jte to ^ the native substratun! pigments (ochres, etc.). *For 

their*preparation cobalt saltf,or roasted <^objilt ores krrt^vn as*"‘ zaffires,” 

are employed. , / * * • » * 

* • « • # 1 

^ Thf name “ Oil Blue ” fe also appli&l to Prussian blue. 
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Smalts. 

Tljis colour is a cobalt silicate containing»potassium, and is obtained 
by fusi^pg zaffres ^ i«vith quartz sand and potassium carbonate in a glass- 
furnace. The potassium carbonate cannot be replacccf by sodium 
carbonate, as cobalt sodium glasses never give a pure blue colour, but 
a red ox brown shade. Smalts contains about G5-72 per cent, silica, 
2-7 per cent. co6altoii| oxide, 2-22; per cent, potassium, and about 0 5-20 
per cent, alurhina. It also contains small quantities of lime, iron, and 
nickel, and, in most samples, arscliious acid, which was formerly 
added purposely as it increases the beauty of the colour. Nickel is a 
particularly liarmful impurity of zaffres, as it imj^arts a violet tinge to 
the spialts. Bismuth is almost as detrimental, causing the glass to 
become greenish-blue. Iron in any great quantity is also to be avoided 
as it produces a dirity appearance in the product. 

Smalts, being a kind of glass, has f 30 or covering power, and has 
been displaced by ultramarine and cobalt blue, practically its only 
use at the present time being for painting earthenware, and as a blueing 
and bleaching agent where a permanent effect is required. It differs 
from cobalt blue in being fu.sible. Like cobalt blue smalts is insoluble 
in dilute acids and alkalies, but is decomposed by long digestion with 
concentrated hydrochloric acid, yielding the chlorides of the metals 
it contains and a residue of gelatinous silica. 

The methods of Analysis are as described under “ Cobalt Blue” (see 
also p. 330). 


Cobalt Blue. 

(Thenard’s Blue; dobalt Ultramarine Azure Blue.) 

Cobalt blue fs prepared, according to Leithner, by calcining a 
mixture of cobalt nitrate and alumina, or by mixing a solution o( 
•alim with a {solution of a cobaltous salt, treating the mixture with 
alkafis, and calcining the precipitate obtained. Thenard calcined a 
mixture of aluminium hydroxide and cobaltous phosphate or arsenate.^ 
The presence of phosphoric acid ‘favours the formation of tRe colour 
and increases^its beautj^. 

The cobalt*blues are generally •described as cobalt aluminates, but 
the commercial brailtis contaip, according to th'b sh^dd, i^^ry^ng amounts 
of cobalt (between 19 and 30 ^ei» Cent.^, the highest of ^hicb does 
not reach the theo^ptical coifteitt,#iz., 36-6*per cent, for cobalt aluminate. 
Moreover, •the cobalt blues prepared, fro iji phosphates are cogstituted 
differently from those containing no phosphates, the term* aluminates 
applies a|Jproxififl[ately«onljy te the dark ^farieties prepared without 

• • * • • 

^ F#i the better quiiJitieb ^ide«f ccfbalt is u^d. , •• ^ 

“ DmgLpolyLj^ 1834, 53, 447 ; 1836, 54, 339 Munkeil^Zfc<f NormSfarben^^ IX3< 
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phosphoric acid. W. Stein ^ considers the cobalt blues to be mplecular 
mixtures of alumina and cpbalt oxide. {Cf. Ultramarine.) 

Two brands of cobalt blue are usually found in commerce, v^, pale 
and dark, which differ in the amount of the colouring principle present 
The cobalt blues are insoluble in dilute acid^ and alkalis, and by 
treatment with these reagents adulteration with ultramarine and copper 
blues or Prussian blue respective!)/ can be easily detected. They 
are decomposed b.y fusion with alkali, also by stronglyi heating with 
concentrated sulphuric acid foi spme time, when a violet solution and 
a white powder result ; this powder dissolves on addition of water, and 
the resulting clear blue solution can be examined by iie ordinary 
group tests. The coveiing power is small. Like the blue ultramarines 
they have a dirty violet appearance in artificial light. In art pamfling 
they are employed as oil and water colours for colouring porcelain, 
and for printing bank-notes countiics where a bluejs used for t|;iis 
purpose, as the colour cannot be leproduced by photographic processes. 

They are perfectly fast to both air and light. Wheif made up with 
/inc white as a water colour, however, they fade distinctly within two 
months. 

Atjaivsts, A. Munkert‘^ reduces the pigment, when phosphoric 
and arsenic acids are absent, by heating in a current of hydrogen, 
dissolves the black mass in hydrochloric acid, and separates the cobalt 
from the alumina by means of sodium acetate. If the acids mentioned 
are present, the pigment is fused with six times it» weight of potassium 
carbonate, the meJt extracted with water, the solution filtered off, and 
the insoluble residue subjected to further fusion with potassium 
carbonate until it is completely decomposed, when it is again extracted* 
with water and filtered. The decomposition can be effected in a siri^e 
operation by fusing wdth ten times the weight of alkali liydroxide in 
a silver crucible. The combined filtrates are acidified with nitric acid, 
and evaporated to dryness. After taking up the^residj^e with water,» 
th^ alumini<!m is precipitated by ammonium hydroxide together’^with 
phosphoric and arsenic acids and silica. Silica is separated by 
dissolving the precipitate in nitric acid,*evaporating down the solution, 
extracting with water, and filtering! The Jiltrate m evaporated 
Jdown with sulphuric acid to remove the nitric acief, and is then 
treated repgatc^ly wfith Ammonium sulphate and tilcohol, whereby the 
alumii^ium^is separated out ^s a4uinifiium ammonium sulphate. The 
precipitate is^washed with alcphol, ignjjtdd, «fnd the aljiminium estimated 
as AlgO^ After evaporating^off ^h^ alcohol, arsenic is precipitated as 
tlic sulphi^^ in, the combined ^filtrates, ana after fiftration, the ^os- 
phoilc acid precipitated wilii apimoniUni mcjlybdate. *0 • * 

] 1871, foi, f20. 

“ Notimlfar%en^ p. ii6. * 
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Th€i black ’ residue obtained after fusion consists of crystalline 
spangles of cobaltous oxide. If the estitnatipn of the very small traces 
of ni^el, iron, ayd copper contained in the residue has not to be 
carried out, the latter, after thorough washing, may be reduced directly 
according to Rose’s rpethod, ignited a second time in the current of 
hydrogen, washed in order. to remove alkali, and weighed as metallic 
cobalt. » 

j » 

Coeruleum. 

(Cerulean Blue ; *Bleu Celeste.) 

This cok)ur is manufactured by calcining a mixture of cobaltous 
sulphate, tin salt, and chalk, the tin thus taking the place of alumina in 
the cdbalt blues. Cteiulcum has a more greenish tinge than the latter ; 
hence its shade reynains unchanged in artificial light. Its average 
composition is *50 per cent stannic oxidif, 18 per cent cobaltous oxide, 
and 32 per cent, gypsum. It covers better than the cobalt blues and is 
used almost ejwclusively as an artists’ colour. 

Gfccn-hhtc Oxide is an artists* pigment which has recently come on 
to the market It is manufactured by calcining a mixture of chromic 
oxide, alumina, and cobalt salt It covers bettei than cobalt blue. 

Manganese Blue is pioduced, according to Bony,^ by a process of 
calcination very similar to that used in the manufacture of ultra- 
marine. A mixture of China clay, oxides of manganese, and barium 
nitrate, approximately in the proportion 2 : 3 . 8, is heated to redness in 
an oxidising atmosphere ; compounds of iron must be excluded. The 
pigment is obtained in several shades varying from violet to sky-blue, 
•but up to the present it has found little application. 

•*The ancient cceruleum or Egyptian blue was originally prepared 
by putting together a mixture of copper ore, sand, and sodium 
carbonate, a bright pale blue being thus obtained consisting essentially 
^of silicates o^eppper and sodium. L. Bock^ assigns to it the formula 
Ca^ CuO, 4S1O2. « 

Uy:raynarine. * 

(Lapis Lazuli Blue (for Native Ultramafines) ; Oriental Blue.) 

The ultramarines differ from !<11 other inorganic pigments as the^ 
cannot ‘be valued By chemical analysis, the’colbufin^r psinciple not 
being present in a form which cin btf dealt with by analytical mathods. 
The quantitative {^timation'of*iiidividuaL constituents in, th§ different 
commercial brands of blu^ and othejr^ cojpured ultramarines ^oes not 

indicate the qualify of products* similai; to one another in .shade; and 

* 

^ F^hen-ZeiUy I907»13, 77* ’ t * * flolloul / , if 17, 20, 14^. * 

® < 3 ^ R. HofFminn,f I9ft2. Kn^)p and Ebell, poly if 1^8, 22^ 69, 

Heumann, Annahn^ 1871, 199, ; 1872, 2 « 5 l, 2^ ; 1872, 203, 174 * * 
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apart from the identification of foreign admixtures, less important 
than practical tests of the stability and compatibility of the products in 
mixtures with other pigments. The material and technical identity of 
artificial blae ultramarines with native lapis lazuli cannot be discussed 
while the composition of the two substances is incompletely explained. 
Many theories of the cause of the colour of ultramarine have been 
propounded ; the older views are quite untenable. K. A. Hofmann 
and W. Met/cner^ have advanced^ the view tnat thej blue sulphur 
sesquioxide of R. Weber bears q relation to the chromophore of the 
blue ultramarines. It has since been assumed that particular physical 
condition of the sulphur is the cause of the colour exhibited by the 
blue ulti amarines Lately, it has been thought that the solution o|f the 
problem is to be found in the assumption that the sulphur is dissolved 
or adsorbed, and in this condition is able, like iodin^, to assume different 
colours according to the nature of the leceptive mediurp 

The occuiience of the purple- red selenium and the green telluiium 
ultramarines of Guimet,^ of the organic ultramaiines oi de Forcraud® 
and of the older silver ultramarines, shows that the blue ultramarines 
contain components which can undergo substitution. Rohland,® by 
heating talcs with sodium carbonate and sulphur, obtained green com- 
pounds which behaved like ultramarine, but in which the coloured 
component could be extracted with water. Notclle and Corblct^ 
observed that the silica used in the prepaiation of ultramarine plays 
only a mechanical part, and, on attempting to^ replace it by other 
substances, they succeeded in obtaining a larger yield of pigment of 
considerable strength of colour. F. Singer has prepared green to 
greenish-blue pigments of the nature of ultramarine by heating oi 
fusing zeolites with alkali sulphides.^ * 

An account of the boron ultramarines, together •with a discussion 
of some views on the nature of the colouring principle in the silica 
ultramarines, has been published by J. Hoffmann® . • 

^The ressiarches on the constitution and the colouring principle of 
ultramarines, have led to the conclusion that these bodies are not 
individifal coloured substances like, for example, cinnabar, whose colour 
is mainly dependent on the constant relative j^roportiorrs by weight of 
€r.!ts components, but that they contain a still unknown colour principle 
^ which is firmly chcld by a non-coloured basis, somewhat in the same way 
as th^colqured components in tbe,»organic colour lakes. Whether it is 

€ ^ 

1 Bf>., ifoSigS, 2482 , /..yof. CAe»i. /nd., igc^, 24, 898. 

* 1««, 1875, 156, 531, c ^ ^ 

'* R. Rot^a^d, “ JJeber das baibpioblem des Ultramanns," Ciem. /ientt., 1908, p. 514. 

•• ^«//. Soc. (hm., 1902, 27, 486, Morell, 1^02, 28. 522. 

® Compu^s Ufd ^ 1879, 88, 30. » ‘ ^ « Lo ^, ni . 

\ “ 6er. Pat. 421344, of the 17th Jul> 1909. 

Chem. ZetU, i9iop^, 821 , /. j*. CHim. /nd., 1910, 29, 1066 ; Kolloid Z,, 1912, lo, 275, 
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a question of chemical combination *or of adsorption is still unsolved. 
From the researches made up to the present, it follows that the 
techni&lly pure unadulterated ultramarines *must, without doubt, be 
looked npon not as ^‘primitive pigments” but as substratun^ pigments.” 
The adulterated qualities are produced by the addition of gypsum, 
chalk, etc, as diluents* 

L. Bock 1 couicludes that* the grouping Na, Al, SiOg, in the ultra- 
marine molecule is sitflilar to that* in zeolites, because of its formation 
I from them by treatment with alkali sulphides. A good summary 
of the theories regarding the composition of ultramarines has been 
given by J. S» Remington ^ Their relationship to natural and artificial 
silicates is stated as follows* — zeolite, CaO, AlgOg. 2Si02. sHgO ; lapis 
lazuli, ^(NagO . AlgO^. SiOJNa^S^ ; “sulphur rich,” “silica poor,” ultra- 
blue, 3(Na20. Ak03. 2Si02)Na2S2 ; “sulphur poor,” “silica poor,” ultra- 
green, 3(Na20 .^Al203. 2Si02)Na>S, ; “silica poor,” “sulphur rich,” 
ultra-blue, 2 {NslP . AI2O3. sSiOg^NagS^. 

The state of combination of sulphur in the various products is 
still doubtful (H. II. Morgan ^ and T. H. Barry ^ have shown that o 5-I 
per cent. S can be extracted by CS3 or by ether) Remington concludes 
that ultramarines rich in silica approximate to double silicates, while 
when rich in alumina they approximate to aluminium silicates, and that 
sodium is less readily replaced in the double silicates than in aluminium 
silicates. The existence of isomeric ultramarines containing ~ SNa or 
— SONa groups attached to Al or Si respectively is considered probable. 

The present-day manufacture and methods of testing are described 
by R. H. Underwood.^ 

• Chemical x^nalysis. The , analytical control of the ultramarine 
mMufacture comprises the analysis of the raw materials, the control 
of working conditions, and the examination of the finished product® 

The losses in the manufacture of ultramarine are still great; in the 
J)urning process ^alone they amount to about 40 per cent, so that frorp 
the^^Wginal mass 60 per cent or at most 65 per t:ent of r»Lw product 
^ is obtained, and the latter, when washed, loses 20-25 per cent, and 
even up to 30 per cent of solflble salts. The yield of finished blue 
from the orig^al mass, taking kn average a( many years* experience, 
amounts to 48-50 per cent * * m 

Thet;e is no doubt that these losses will be •redwcdd,,on chemical or« 
on technical lines, and a higher yiejd, obtained. A wide field is here 
open for investigation; in ssiddition, means for utilising the escaping 
sulphuric a^id sulpliurous acid gases are to be desired. 

1 Z, ang(V)^^hem,y 19^5, 28, 147 ; ^ itbeti-ZeiU 1929, 25, yfn* ® Ivdusiftdl 1926,^2, 79 * 

« y. Chi and CqL AsiO(T, 191), 2, 120. » • • ^ ^ ^ 925 . 8^202. 

® Df^gs^ Oils and Payils^ 1924, 4p, 301. * 

« Rawlins,/. Soc. Chenu Ind., 1887, 791. R. 1 ^(i(fminn, Vlhardar 171^1902, m 

IL 
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ANALYSIS OF ULTRAMARINE. 

ITjtramarine can easily be detected by its behaviour towards 
dilute acid^ — the blue colour is destroyed, sulphuretted hyc^'ogen is 
evolved and sulphur deposited. It is not acted upon by alkalis, nor 
is it affected by heat. ^ 

Admixture with barytes, gypsum, whiting, etc., can be recognised 
by the flame test Quantitatively, along with *the sili9a and alumina 
of the ultramarine, they are determined as follows: About 2 g. of the’^ 
sample is heated with hydrochloric acid until the colour is entirely ‘ 
destroyed ; the mixture is evaporated to dryness and gently ignited, 
heated again with hydrochloric acid, diluted, and the silica and bkrium 
sulphate (if present) filtered off, washed, etc., and a portion fused with 
fusion mixture for the estimation of the barytes. To the filtrate 
ammonium hydroxide is addqpl in slight excess ; alumina is precipi^ted, 
filtered off, washed, etc. To the filtrate from this precipitation 
ammonium carbonate is added to precipitate any calcium present. 

The works’ analysis of ultramarine is confined to the estimation of 
free and chemically combined silica, alumina, sodium (Na^O), and total 
and free sulphur. The quality or intensity of the colour may be arrived 
at by comparing the sample with a standard ultramarine by viewing 
them, after being pressed out by a spatula on a piece of white paper 
or white glazed tile. When it is desired to measure the intensity of 
the colour, i g. of standard ultramarine is mixed in a mortar with 
known quantities of kaolin and the samples compared in a north 
light To test ultramarine for resistance to alum, o-i g. is shaken 
with 10 c.c. of a 10 per cent solution, anc^ the tone after standing noted. 

I. Preparation of the raw Ultramarine for Analysis — The cC/lour 
is finely powdered and passed thiough a silk gauze sieve, after 
which it is dried at 100” for about twenty-four hours. From 2-10 g, 
is then weighed out and extracted with watet the , solution made 
up to 500 ^cc., filtered, and 100 c.c. taken for each ol the foi^6wing 
determinations : — . ♦’ 

I. Ka^S^O^j. By tiiration withv iodine solution and starch ; the 
result is expiessed as Na^SaO.. ‘ ^ 

* 2. Na^SO^ By precipitation wjjh barium thloride k\ acid solution. 

3. NaCl. pqecipitation with silver nitrate., (Sodium cl^loride is 
very seldoin p'icsent in raw ultrajn^riMe.) 

If^ it is desired to determine the’ glupose in a sample, this can be 
done by^lixiviating a weighed quswitity of the blue in wa.^'er, making 
«up to af standard quantity abd tfetern^inln^ the glucose with Fehling*s 
solution. ‘ ‘ ‘ t e ' ♦ 

t From {©-20 ultrartiarlne es partially washbd by decantation 

two or tferee tirnes ^successively, k quantity of hlcoHbl being added in 
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order to ensur^ a clear filtrate. fhe residue is treated with a dilute 
solution of sodium sulphite and the mixture evaporated nearly to 
dryn&s on the j/ater-bath; this is done in order to remove free 
sulphm, as carbon disulphide will extract only 40-60 pei cent of the 
latter. The residue is then washed until a dried portion of the 
ultramarine, when moistened with a little water and filtered, gives no 
trace of turoidity with barium chloride in the filtrate. This last 
operation is very imf>ortant, as otherwise the drying at a later stage 
cannot be effected without change, in the composition of the ultra- 
marine. If the ultramarine is washed completely free from soluble 
salts, the bke, red, and yellow varieties may be dried at ioo°-i40” or 
even at 150® without the slightest change taking place. 

After being again finely powdered and dried at 130 ’-140'', the 
ultramarine is transferred, while still hot, to a glass stoppered bottle 

2. Free Sulphur. H. II. Morgan ctt.) extracts in a Soxhlct 
with methylated ether for one or two hours. The method is accurate 
and the amounts vary from o 18 to i 55 per cent. 

3. Estimation of Silica, Clay Residue, Total Sulphur, and Sulphur 
as Sulphuric Acid.— One g. of the dry substance is w’eighed into a 
porcelain dish, agitated as carefully as possible with water, and treated 
with 1-2 cc. of bromine. Unless this operation is carried out with 
extreme care, small lumps are formed which are decomposed only on 
the outer surface, while inside the ultramarine is scarcely attacked at 
all. When the bronjine is partially dissolved, as shown by the yellow 
colour of the liquid, 15-20 c.c. of nitric acid is added and the liquid 
evaporated to dryness on the water-bath. The residue is then taken 
•up with water, about 20 c.c, of hydrochloric acid added, the solution 
a^in evaporated, the residue treated with hydrochloric acid, the 
mixture allowed to stand for some time (in the cold for tw^clve hours, 
hot for three hours), diluted wu*th water, and filtered. The silica and 

^clay residue (%apd) ’'emain on the filter paper, and are separated frctfn 
on??%iother as in the analysis of clay. The total*sulphur i« determi|ied 
by heating the filtrate to boiling and precipitating with barium 
chloride. If the amount of ifon* in the ultramarine is considerable, 
which seldom#occurs, the filtrate from the Barium sulphate is reduced 
with zinc and titrated with permanganate solution. 

Another method*for estimating the total sulphur i$ to treat abouf 
2 g. of the ultramarine witli a ipixture of 2 parts nitnc acjd and 
I part hydrochloric acid ifnti> Jhe colour is completely decomposed 
and only a transparent mass of silicate is left:\hc mixture* is diluted 
and "filtered and tlic sulphur* (u*bw present as* sulphate) in fhe filtrate 
precijytatiJd by t>arium/:hlqrida. # *^ ♦* 

Sulphur as sufchuric acid is estknated as follows^- 2 g.^oTtultramarine 
is treWd with mlute' hydroehloric^awd, thq precipitated s«lphur*and 
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silica filtered off, and the filtrate^ precipitated with t>arium chloride. 
To find the amount of present the weight of BaS04is multiplied by 

03433^. ' . V ^ 

4. Estimation of Alumina and Sodium Oxide (Na20). — 0««re g. of 
ultramarine, washed and dried as described above, is, as before, very 
carefully agitated with water and treated with ^excess of hydrochloric 
acid. After standing for some time, with occasioual stirring, the 
mixture is heated until the solutioil becomes dicar on, allowing it to 
settle. The solution is then filtered off, when the sulphur, clay residue, 
and some silica remain as an insoluble residue ; this residue is ignited 
and weighed The filtrate is evaporated to dryness, ♦.the residue 
moistened with water and hydiochloric acid, again dried, then treated 
with hydrochloric acid, and the solution, after standing for a short time, 
diluted with water and filtered. Silica remains on the filter paper, and, 
when added to the residue obtained in the first filtration give^ the 
amount of total silica and clay residue, which serves as a useful coptrol 
of the determination described under (2). ** 

The filtrate is evaporated to dryness to remove the excess of 
hydrochloric acid, the residue dissolved in water, precipitated with 
ammonia, and the whole again taken down completely to dryness 
on the water-bath. The alumina thus obtained can be washed 
easily and completely The residue i^ taken up with hot water, the 
solution treated with a few drops of ammonia, heated, and filtered ; 
the alumina remaining on the filter paper is ignited and weighed. 
Sodium (Na^O) is determined by treating the filtrate with sulphuric 
acid and fuming nitric acid, and evaporating to dryness; by this 
treatment the creeping of the salts up tl^e sides of the dish does not 
take place The residue is very strongly ignited, and the amount of 
sodium as Na^O calculated from the weight of sodium sulphate 
obtained. 

, 5 Examination for Additions insoluble in Acid.-~,Thc following 
method devised by H R. Andrews^ facilitates the examination xhe 
pigment foi the possible presence of foieign additions insoluble in acid, 
an operation not easily performed* when the sample is analysed by 
decomposition with acid • The process depends on /he oxidising 
gi?ctton of bromine and the sub^quent complete 5?olution of the 
•products when, thei.pu»c pigment is thus treat/*d. One g., of the 
ultramarine is ‘placed in a wide^ qjouthed flask of 150 c.c. capacity, 
and tfioroughly wetted witli 5-10 c.c. tof ^^water ; about 30 c.c. of an 
aqueous sUtufated soliftion of^biomine is then addei, and tl^e contents 
(5f the flksk agitated untH the^ colour of«the bftomine begins to disappear. 
More brom*ine water is ad^ed ‘grad^ially ijntil^ the blue colour ^of the 

ttltramarjnQVlisappjJars and aVi* Excess of^ bromine re^rnains. The flask 

• * 

4 naI ) M , 1910, 35/157. 
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is set aside fot fifteen minutes, and the contents are then filtered 
quickjy. The residue is washed with watpr, ignited, and weighed. 
The titrate is acidified with lo cx. of strong hydrochloric acid, 
evapordted to dryness, the residue extracted with watir, the silica 
filtered off, and the §ltrate made up to a known volume. Aliquot 
portions of this solution .are taken for determining the alumina, 
sulphur, etc. The weighed residue is boiled with sodium carbonate, 
filtered, washed, and re-weighed, the loss in weight being due to the 
invariable presence of a little silica in the insoluble residue. The 
amount of silica thus found (usually about 1-5 per cent) is added to 
the bulk oPthe silica in the main filtrate. The matter insoluble in 
bromine water is stated to vary from 2-4-4 4 per cent, and to consist 
mainly of clay. 

Note — The statement frequently found that sodium sulphide is a 
constituent of niltramarine, is not to bft taken in the sense that this 
compound is present in the free state, but that its constituents are 
united with other elements, probably with aluminium, to form a 
complex product. This assumption explains the insensitiveness of 
the ultramarines towards white lead and otlier lead colours.^ 
However, L. Bock^ regards the sulphur compounds in ultramarine 
as substitutes of water in zeolites, and states that this assumption 
being correct, it is also quite justifiable to consider that the sulphur in 
ultramarine must be chemically combined. 

Typical Analyses of Ultramarines. 
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Properties $f technical In^ortance in Painting. TJlJie jiltramarines 
are unstable towards sulphur *di«x 1 de. • They are frequ^tlytlooked 
upon as absolutely fast to'^ligli^ and air.^ but this does jnot^ appear to 
be \pvari 9 bly correct. Moreover,* a<5corcyng to A. W. Keim,^they are 
not all fast to lime. In fresco paintjngs, lime which* is a«h in silica 
destroys them ^’n a ccftnp^ratfve^ shpst. time, w^h the formation of 

^ • * 

• 1 QC A. Ei^lner, “•UebA UlTramannti” Tfihu MitU f 270. 

2 Z. angtw* Lhem.^ 1920, 24, 23 ; /. SocTChem* Ind,^ 1920^39) 3o6a. ^ 
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discolouring or colourless compounds* It is very probable that this 
change is aided by moistu/’e, which also appears to play some fjart in 
the so-called “ultramarine disease.” According to.Pettenkof^’’ this 
“ disease ” als^ occurs with the green earths (and with those pignfents in 
general which are rich in clay, and therefore abje to condense a large 
amount of water on their surfaces) in oil jjaintings subjected to great 
variations in temperature and moisture. lie attributes* the “disease” 
in such oil paintings to the fact that the “disease” of the colour itself, 
wherever it occurs in the painting, causes the vehicle (oil, etc.) to be 
more easily affected by moisture and changes of temperature, thus 
allowing the pigments to be visible through the cloudy medium of the 
disintegrated oil-layer. Rohland traces the “ultramarine diseas^” to 
the superficial decomposition of the pigment by hydrolysis. E. Tauber 
has called attention to the relative lack of fastness t^o light of the vjolet 

ultramarines.2 • . ' 

Behaviour of Ultramarmes iu H fixtures. It is frequently stated 
that ultramarines, since they are sulphur colours, must react with lead 
pigments. These assertions are based partly on correctly made 
observations but wrong inferences, and also owing to the technical 
impurity of one of the components, in this case the white lead. 
A. Eibner obtained the following results: — (i) Pure blue ultramarine, 
when boiled with a solution of lead acetate, is very strongly discoloured 
to blackish-blue; on the other hand, when boiled with pure white lead 
for the same length of time it remains unchangedr The discoloration 
is therefore caused by the technical impurity (lead acetate) in white 
lead, as in the vermilion — white lead mixtures. ( 2 ) Mixtures of the 
pure pigments remained unchanged for *four years, and mixtures of ‘ 
the colours in oil for five years'^ 

Fastness to Zinc White. A. Eibner found that the blue, as well 
as the green, violet, and red ultramarines, when made up into pale 
mixtures with zinc white and exposed in the form of Jfvater coloyrs 
under glass t€> direct siinlight, faded distinctly within four months.^'' 


VII.’ViOLrx PidMENTS. 

. Cobalt Violet 

By pixipg solutions of cqbalt ' s%dphate and sodium phosphate, a 
rose-red precipitate of hydrated cobaltoSs {Jhosphatq is formed, which, 
on fusing^ loses water, and assymes^a i^iolet colour. The melt 'Is broken 
^ u^, ground, yashed, and dried, and then forms the dark cobalt violet 
of coinmerce.^ This pigment, is sCml-glazing, ancf < permUneat in 

^ \Jeher<fdfaibe^ IO02. • 2 farheh-Zeti\^ X9id, 15, 1382. 

® 0 ^ A. ^\\yMt^Malmateciakenktfndey p. 180. 
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mixtures with iDther mineral pigmWs. It is stated, however, that 
in practical use as a tempera or water colour it undergoes change of 
tone cj^ing to gradual absorption of water. It appears to be* quite 
fast to Ifght. Washes prepared with gum aiabic and with ^il remained 
completely unchanged for seven years. Cobalt violet is also very stable 
towards 7inc white. T^velve per cent, mixtures in the form of water 
colours, exposed%under glass to light, remained quite unchanged during 
two months * * 

^ A pigment differing from this fonp of cobalt violet is the cobaltous 
arsenitc prepared by Gcntele, which is a delicate red-violet powder, 
similar in sh«.de and composition to the mineral, “cobalt bloom.” It 
comes on the market under the name “ Pale Cobalt violet,” and is easily 
distinguished from the product described above by the odour of arsenic 
which is given off w^en it is heated on charcoal. This pigment is also 
very resistant tgwards zinc white. Twolve per cent, mixtures in the 
form of water colours, spread out under glass and exposed to light, 
showed no change in two months (October to December). 

Manganese Violet, Mineral Violet. 

According to Mierzinski, this coloui is prepared by fusing in 
enamelled cast-iron vessels a mixture of phosphoric acid and either 
finely powdered pyiolusite or the residues from the preparation of 
chlorine. The mass thus obtained is allowed to cool, and is then 
heated up to boilingVith ammonia or ammonium carbonate solution, 
when manganese dioxide precipitates out. The liquid is filtered off, 
evaporated to dryness, and the residue heated until it melts ; it is then 
alla^ved to cool, and boiled tvith water. A red liquid and a violet 
powder aie obtained, the latter, after being washed and dried, 
constitutes “ Manganese violet.” 

Some years ago the firm of A. Behringer, of Chailottenburg, placed 
&n^h,^jnarket?i Violet pigment in two shades, under the name “ Mineral 
^ violet,” which contatned manganese, phosphoiic acid, anfl ammonia. 
When heated alone it gives ^off ammonia, becoming white. It Js 
decomposed by potassium hyclroxide at ordinary temperatures, and 
by ammonia Rn warmiig, with separation of manganese dioxide, §nd 
therefore appears to consist of finanganous ammonium phosphate^ 
Hence this pigment is related to, or identical witli md^ga<iese violet. 
Its reactions suggest that it woijlft rfbt be fast to lime. As « matter of 
fact, however, it proved to *be ixtremely stable when ^varjned with 
eithejf calcfum or ^arium hyd|;o:}jide. •JVIaigangse violet prepared from 
manganese peroxide fused with phpsphqric acid .or iammonium 
phospttate may givtn i, blueT tinbt»b/ the ifttroduction of*iron 

comperunds.^ < , 

^ Ger. P. 344156 ,*/• Chin , 14122, 41, 1454^. 

^ •a 
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The pigment is analysed by decomposing it with excess of potassium 
hydroxide in a retort fitted with a condenser and receiver* The 
ammonia is determined volumetrically, and the ijianganese yioxide 
which sepc^ates out is dried and estimated iodimetricall/! The 
phosphoric acid in the filtrate is precipitated with magnesia mixture, 
and weighed as magnesium pyrophosphate. 

Mineral violet is very fast to light. Washes in gumarabic remained 
unchanged during four years. r 

Vto/e^ and Red Ultramarine, ^These colours are obtained from blue 
ultramarine by the action oi dry hydrochloric acid and oxygen at 
150^-180°, whereby sodium is icmoved. Violet ultramarine, aceprding 
to R, Hoffmann, is not an individual compound, but a mixture if blue 
and red ultramarine It is manufactured from the blue variOTy by 
heating with ammonium chloride, and is then coijverted into the red 
form by means of hydrochloric acid These colours .have not, ^p to 
the present, acquired any great importance in commerce or in industrial 
applications. ' 


VIII Griin Tk^menis 

{a) Natural Products 
Green Barths (Seladonite).* 

(Bohemian or Veronese Earth ; Tyrolean Green ; Seladon Green ; 

Cyprian Earth; Terre Vert6, Stone Green) 

The green earths are disintegration products of certain older 
minerals, chiefly of the hornblende series. In the crude state they form 
moist clay-like masses in a very fine state of division, whiqSi are improved 
by^ dry, or,* more rafely, by wet dressing proces,ses. They ar^ char- 
acterised by their very pne grain, and, therefore, good spreading power 
and suit&bility for colour printing. ’Inferior qualities are used chiefly 
for industrial painting and* as mateiial lor grounds in the manufacture 
< wallpapers, etc ; the finest quar’ities are employed* for decorative 
•^and artistic painting. ‘A mixture of ground green e^rth and white 
clay, under the name of ‘‘ Stone gre\?n,” was formerly used for the 
manutacture of weather-proof paints. ^ ^ 

The gVeen earths differ essentially from the clays and chlorites in 
Hieir snfall content of alumina, afid frorfi theVhlorites* also in containing 
relatively small quantitidsh of 'magnesda. « Since thej' neaftrly always 
eontain pota*^jj;i and^soda, they belong to the hornblen^de group, aijd not 
to the augites. T^pr It lo!\g Jime Ae colouring principle was assumed 
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to be 3 ferrooS silicate. According to Delesse/ a Veronese green 
earth — 

I 


Silica . 

Alumina 
Ferrous oxidte 
Magnesia 
Potassium oxide 
So'Iium oxi3e 
Water . 


51 per cept. 

• 7 » 

. 21 „ , 

* 6 „ „ 

• 2 „ ,, 

about 7 „ „ 


According to Church," the iron in the green earths is present as 
ferric silicate. The green earth contains variable amounts of 
nitrogenous organic matter of an acid nature. 

The following ^gurcs are given for a product from Monte Baldo : — 


Water, volatile at 100 " 
W.iter, volatile at led heat 
Feiric oxide (FcjOj) 
Ferrous oxide (FeO) 
Alumina 
Lime . 

Magnesia 
Potassium oxide 
Sodium oxide 
Silica 


4*1 pel cent. 

4-2 „ „ 

20*3 5> )? 

2-6 „ ,, 

1*7 „ » 

I I ,» „ 

5’^ 5> )> 

C4 1 ) M 

2-3 

517 „ „ 


Gentele^ gives the following two analyses of Bohemian and Englis 
green earths respectively, the former containing ferrous, and the latte 
' ’ lide:-^ 
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- 


•• • 

j^naly^is. The varying state -of^oxidation t)f the iron ifl the green • 
earths is due to the fact %8it •they ire hot fndividual sub§tinces, but^i*^' 

• f • • * •* 

Ndumann, Mineral^gie^ • 

® Ti^e Chmtsff^y of Paints and Paintings Pi 2^2. 

I Lphthuch dA- FarheftHihAkaittm.. «nl. i.. n. TC2. 
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probably form a group of differently constituted isomorphous mixtures. 
The variety of their colour is also probably due to the varying pro- 
portion*of ferrous and ferric iron. Most of the grepn earths ar/i not 
decomposed i)y hot hydrochloric acid, which dissolves only th€ ferric 
oxide formed by disintegration , the more valuable qualities of this 
mineral are improved in tone on treatment with hydrochloric acid, as 
they lose their brown tint. According to Naumann,^ gi?cen earths also 
exist which can be decomposed by ^hydrochloric acid. ,A Veronese 
green earth, decomposed by a mixture of hydrofluoric and concentrated 
sulphuric acid, gave a copious blue precipitate with potassium ferro- 
cyanide and only a blue coloiation with potassium fcrrocyanide. , In 
the Oldinary method of silicate analysis by fusion with a mixture 
of sodium and potassium carbonates, all ferrous iron present becomes 
oxidised. Hence the ferrous iron present in gre^n earths can only 
be estimated b} decomposing \ ith hydrofluoric acid, ca^re being tak\en 
to prevent oxidation. This operation is carried out after the ferric 
oxide, formed by the disintegration of the earth, h'as first been 
removed by extraction with hot hydrochloric acid, and estimated A 
further portion is then decomposed, and the total iron present is 
oxidised and estimated. The analysis is similar to that of a silicate, 
and silica, iron and aluminium, hydroxides, calcium, magnesium and 
alkali metals are determined by the usual methods Ferrous iron is 
determined by the process given under iron oxide pigments (p 495). 

On ignition the green earths lose uater, the iron becomes oxidised, 
and the resulting products are the “calcined green earths,” which are 
fawn in colour, and are also used as painteis’ colours 

Lime Greens. This designation applied oiiginally to the green 
coppei pigments imitating natural malachite, which are stable in lini?, 
For the last thirty years the name has been applied to particular 
kinds of German green earths, and to grey or white clays which have 
been coloured deep green by means of triphenylmetb^ne pigments 
(malachite giijen, brilliant green). These substaneps are acid silifSlcs, 
and exhibit the property ^of uniting in a particularly intimate manner 
with the bksic dyes For this purpose 'th^ Rhenish, Hessian, and Saxon 
green earths, including thd “ Haiger earth,” are especi^ly suitable. 
% means of these acid clays considerable fastness to* light can be 
iftiparted to coai-t<ir»pigttients which are normally highly fugitive. 
When malachite* green and brilliant^green, unlaked and also as tannin 
lakes, are made up into washes with gynS afabic and exposed to direct 
summer suhligbt, they ire completely destroyed witliin five days ; but 
,:i precipitajed on to green earths 'suitable loi^ the purj)ose, they furnish 
Hmeg^'eens in which the organic pigmefits^becy^mapractiqallypdrmeWient. 
Feur such rlinftb, greens, after exposure to direct sunlight for four years 
* • * 1 loan/. 
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and seven montifs, had altered in tone only to the extent of assuming 
the well-known grey tint. Pigments of this kind fulfil practical 
requinfments for {industrial painting and also as wallpaper colours. A 
corresponding improvement is observed in the behavioui^ of the four 
lime greens referred to above, in mixtures with zinc white ; 4 per cent, 
mixtures of these pigments, made up into washes with gum arabic 
and exposed under glass to direct sunlight, scarcely diminished in 
intensity withm two months. Xfius, in fastness to zinc white, these 
lime greens are vastly superior to thf Prussian blues, chrome greens, 
zinc greens, etc., and in this respect are about equal to the ultramarines. 
On the othei»hand, the colour of a different lime green had completely 
disappeared in four ) cars, the illuminated half of the test card taking 
on a r£ddish-grey shade. The same lime giecn, in 4 per cent, mixture 
with zinc white, faded in two months into reddish grey-green, and 
decreased considerably in intensity.’ • 

It is well known that all green earths, grey clays, plastic white clays, 
boles, etc., do not render basic coal-tar pigments such as malachite 
green, brilliant greens, auramine, etc., equall} fast to light. A particu- 
larly noteworthy properly of the Rhenish, Hessian, and Saxon grey 
earths is that of rendering these basic pigments non-sensitive even 
towards alkalis. G. Zeir** states that these colour lakes have, at first, 
a dull dark olive-green appearance, and when dry look almost black. 
If, however, they are treated with dilute sodium hydroxide solution 
the bluish-green and vivid coloration peculiar to the lime greens appears, 
generally at once, and undergoes no alteration on further treatment. 
It would seem, therefore, that during the formation of these lime greens, 
alkali enters into the union af pigment and substratum. Fiom their 
belTaviour towards alkali a trustworthy conclusion as to their fastness 
to lime may be drawn. 

With a decrease in the acid character of the grey earths employed, 
the^fastness o{thc Mme greens to light and to lime decreases. The 
best'brthe lime-greeps mentioned are also fast to*water and spirit. ^ 

The varieties of green earth differ* very^ considerably in thejr 
capacity for taking up colour^ ffnd forming satisfactory Ijfkes, the 
variation being dependent on the manner ih which they are prepared 
for market and the nature and aniount of organic matter which tfiejt! 
contain. ^ 

The mineral Malachite was| fy raerly^ mined under tligj name of 
‘‘mountain green,” especially* in*the Tyrol^ for the purpose of working 
it up into an industrial and artist^' plaint. NovTadays this pigment is 
only found occasioflally ameJn^st^rtist^ colours! Nearly all t^e Inode 
“ mouiktain* greeQS ” of j:oiTvnesce»are artifWal copper pigments •($ 

P‘ 549J. 

^ 11. Warner. Fathen-ZeiU IQ 22 . 27» II 14 . • n-/,eit,s iqjl, lO, IT* 7o, 544.' 
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(b) Artificial Green Pigments. 

‘ Cobalt Green '(Rinmann's Green ; Zinc Green). 

This pigunent is prepared, as is cobalt blue, either by starting from 
soluble cobalt salts, treating them with sodium ^carbonate, mixing the 
precipitate with zinc oxide in suitable propprtion, drying, and igniting ; 
or else by preparing cobalt phosphate or arsenate, arfd treating it in 
a similar manner. The latter method is said to give warmer colours 
than the former, and to allow of the colour being produced at a lower 
temperature. If for one equivalent of zinc oxide more than one 
equivalent of cobaltous oxide is used, a dirty green cefiour tjesults. 
Good colours aie said to be obtained if for 9-10 parts by weight of 
zinc oxide, 1-15 parts of cobaltous oxide are employed.^ HenSe the 
cobalt greens, like the cobalt blues, do not consist of one ind^idual 
chemical substance, and canttot be regarded as pure* cobalt ziitcate. 
The cobalt greens are put on to the market in three shades, namely, 
** light,” “ medium,” and “ dark,” which differ also in tint, varying from 
bluish- to yellowish-green. Like cobalt blue they can be looked upon 
as substratum colours, containing more or less zinc oxide. The mean 
percentage composition is stated to be 88 per cent, zinc oxide and 
12 per cent, cobaltous oxide. According to Wagner a dark cobalt 
green contained 71 93 per cent, zinc oxide, 19 15 per cent, cobaltous 
oxide, 8 23 per cent, phosphoric acid, and o 69 per cent, sodium oxide. 

Analysis, Cobalt greens dissolve when heated with hydrochloric 
acid, giving a red solution. On continued boiling wdth the darker 
varieties, potassium hydi oxide is colouied light blue, and ammonium 
carbonate solution a very beautiful violet. Phosphoric acid appears 
to occur only rarely in the cobalt greens manufactured at the present 
day. It was present in only one out of twelve samples examined. 

For quantitative analysis the pigment is dissolved in the minimum 
q\3antity of nitric acid, diluted, and potassium hydroxi(5e added^itil 
a flight precipitate Jorms. This is cleared with# acetic acid, and to 
the clear or filtered solution a large excess of potassium nitrite solution 
containing acetic acid is added. The ’precipitate is allowed to settle 
for ^ some hours and is filtered through a Goo^h crucibles^ fitted with a 
^aper disc. After washing with potassium nitrite solution and finally 
alcohol, thq pota^siilm cobaltinitrite is c)issolved In hjsdrochloric acid 
and the cqjbalt precipitated fis stJlpihiSe or determined in other ways 

P- 325)* Alternatively, adjusting t^ie acfdity of tl^e hydrochloric acid 
solution^ the cobalt may^be jjrecipita’ted as ^o(NH4)P04 and^gnitfd to 
C02P2O7. Nickeh if present, is precipitated^from the fiftrate, after boiling 
with*excess of hydrochloric^ap idi^ by Aeans <sf potassiuhe hydroxide, and 
ft converted* tnto nickelous oxide. ^2,inc is pr^cipjltatefl from the filtrate 

^ p, 151, 
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as sulphide, and, after ignition, cfetermined as oxide. The zinc 
sulphide may be redissolved in hydrochloric acid and reprecipitated as 
zinc ajpnmonium phosphate. * • 

Of the methods examined by Fox and Bowles,^ (i) precipitation of 
zinc in ammonium thiocyanate solution, (2) precipitation of cobalt with 
a-nitroso-/3-naphthol, (^) precipitation of cobalt as cobalt ammonium 
iodide, (4) precipitation of iobalt as cobalti-nitiite, the last has been 
found to be most satisfactory. They give the results of the analysis 
* of a good sample of this pigment as follows * CoO, 8 7 per cent , ZnO, 
89*8 per cent, and loss on igition i* 4 per cent. 

Fastness Light and Coinpaiihiltiy in Mixiuics The cobalt greens 
are permanent in light. They arc unstable in mixtures with zinc yellow, 
yellow ultramarine, or zinc gicen Cobalt gieen is much more stable 
towards zinc white than arc the ultramaiines ; 10 per cent, mixtures 
in the form of watSr colouis exposed ty light under glass underwent 
practically no cTiange in two months 1 his behaviour is explained by 
the fact that the cobalt greens possess to some extent the composition 
of zincates 

G elicit Green ^ a vaiiety of cobalt green, is obtained by roasting 
and igniting metallic cobalt with 4-5 parts of saltpctie and 8-10 parts 
of zinc oxide 

On account of their 1 datively high cost these pigments are chiefly 
used as artists* colours. 

• Manganese Green. 

(Cassel Green; Rosenstiel’s Green; Baiyta Green) 

This pigment, which is but little used, and is said to be sensitive tc 
moisture, is obtained by heating a mixture of oxides of manganese 
barium nitrate and heavy spar, or kaolin Barium peroxide is also used 

The Green Chromium Pigments. 

• trade ntime chiome green ” was formerly applied to chromiuir 

sesquioxide, Cr^O^, ( 3 r to the gieen colours closely related to it. Latet 
however, the name was also ijppjicd to the cheaper green ^mixturej 
prepared from chrome yellow ^nd Prussiai^ blue, from which the true 
chrome greei/is now distinguished by the name ‘‘chrome oxide gr^n.* 

Chrome* Oxide Gtreen (Dull or hfon-glazi^^g ) < 

The technical method&.oftpr^aring* “ dull chrome o:S!ide |reen* 
depend oij the redaction of chroiftates, ancl aim at produdng«a pigmeni 
of tlft highest possible briJIiatica and%uit«bility for colouring purpose 
Like the wieties of mercuric yxi^le, c£pdmiym yellow, and 1 :lie red iror 
colours, chromic exide exhibits marked •cftfference^^in de»|it]g and siu 

^ J. J. Fox and T H. Bowles, TAe Analysts of P%gmenU^ Pa%nh*ard Vatmshesfi^ri^ p.^13. 
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of grain and therefore in shade, according to the meth?)d of preparation, 
temperature, nature of additions, etc., used in its manufacture. Accord- 
ing to Dieterich, sulphur, soft wood-charcoal, potato starch, andj^paper- 
makers’ wo^d-pulp serve as reducing agents ; while Casali states that 
gypsum and picric acid arc also used. The products of these various 
methods of preparation exhibit considerable dfiferenccs in tone. The 
colour obtained from mercurous chromate is the most beautiful, but 
it is too expensive. Appioaching the latter *is the qolour obtained 
by means of picric acid, whilst that produced with sulphur is duller.^ 
On the other hand, the green product which results from the 
decomposition of ammonium bichromate on heating, is not the oxide 
Cr^O^, as is generally stated, but a mixture of the latter with the dark 
brown chromium dioxide C1O2. \ 

Afialysis. Chrome oxide green, prepared in one of the Wbove 
ways, is usually almost chemically pure chromic oxide, Cr^O^, as the 
by-products formed during the manufacture arc easily removed by 
water or acids. Adulterants are scaicely ever present. Its shade 
alone serves to distinguish it fiom the green \crmilions, green earths, 
etc. ; unlike the latter it is stable on ignition and on warming with 
alkalis. It is quite insoluble in acids, but can be decomposed by 
prolonged boiling with stiong nitric acid and potassium chlorate. 
This method is useful in the examination of such a mixture as chrome 
oxide green with lead chrome and barytes: the chrome yellow is first 
decomposed with strong hydrochloric acid, the mixture largely diluted 
with water and the insoluble barytes and chrome green filtered off. 
The chrome green is then separated by boiling this residue with strong 
nitric acid and potassium chloiate Thp valuation is carried out by 
fusing with potassium nitrate and sodium carbonate, dissolving Ihe 
melt, and separating the alumina and iron. After reducing by alcohol 
and hydrochloric acid, the silica is separated by evaporating to dryness 


three times, and the chromium precipitated in the filtrc^lr as hydrox-idCj 
ignited, and weighed 'as Ci^O^ ^ 

Dull ” chrome oxide giecn was formerly used more especially 
for glass and porcelain painting, aiso‘ for printing bank-notes, as it 
cannot be reproduced by'photographft: processes; a fty-ther use was 
Cor‘printing wallpaper. F'or a long, time past Ibe consumption of this 
colour has laig^ly dimiftished, owing to its comparative dearnjcss and 
lack of brilliante. W. J, ralmeii*“J|ia^, pointed out the special value of 
chromium oxide green as a pTgment on Account of its great permanency 
to sunliglft aifd its clictnical stabilityv* It is still used to a laiTge extent 
a« an attists’ cojoui. IT is a* prOnounCed bbdy colour, and is stable in 
mixtures with other pignrotits. * 


• • • • * • 4 ^ 

^ Foi details the iifanufacture, see Zerr jnd Riibtncapip, C{»lour Vanufaciure^ p. aSl. 
•y*. Oil and CoL Chfm, Assoc,, 8,^1. ‘ 
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Guigrnet’s Green. 

(E|nerald Oxide of Chromium ; Chrome CJreen ; Vert de Gui^net ; 

Viridian ; Victoria Green.) 

Guignet’s green is^made by heating a mixture of i part of potassium 
or sodium bichromate and g parts of crystallised boric acid in a muffle 
at about 700'. 'Reduction of the chromate takes place with the foi mation 
of chromium metaborate together with alkali borate. The former, 
on further heating, is converted irfto an alkali-chromium pyroborate 
which is dark gicen in colour and, on hydrolysis, gives Guignet’s green. 
Besides this main reaction certain secondary reactions also occur. • 

Sjnee all commercial samples of Guignet^s gicen contain boric acid, 
Shipton^ assumed that it was an integral component of the pigment; 
on the other hancl^Guignet and Salvctat recognised that the boric acid 
was a technical impurity, and put foTwaid the formula Cr20(0H)4, 
which requires 19 i per cent of water. Schenicr-Kestner subsequently 
found about 15 per cent, of water, corresponding to the formula 
Cr40j(0H)Q L Wohler and W. Becker - have confirmed this formula 
for the commercial Guignet’s greens On the other hand, they obtained 
from ammonium bichromate greens with a maximum water-content of 
37 per cent. Wohler then jirepared a green, insoluble in hydrochloric 
acid and possessing the tone of Guignet’s gicen, by heating precipitated 
chromium hydroxide with water under pressure, the product being free 
from all the secondary constituents and impurities present in the 
commercial Guignet’s greens. 

The investigations into the constitution, methods of formation and 
analysis of Guignet’s greens,* begun in 1908 by A. Eibncr and O. Hue. 
have given the following results : — The commercial products “ pale ” and 
‘‘dark” Guignet’s greens are not chemical individuals but mixtures 
of (1) Two chief constituents insoluble in acids, viz — the hydrates 
• C/p^OU), aifu Cr^O(OH)j(,, on which the characteristic shade depenHs, 
and the following ijecondaiy constituents present in sma*ll quantities: 

(2) Chromium sesquioxide. Cr^O,, whicfi is formed when the tempara- 
ture exceeds 700° and the charge is in tljat way partly “overburnt” 

(3) The brofvnish-blaok chromium peioxide, probably CrgO^, whiph is 
chiefly formed when too little boriS acid is present ^(4) Alkali, occlud^ 
by the chromium hydroxide, which is very difficult to remove. In addi- 
tion, a fifth constituent, chj;omi^n#^metaborate, occurs in nrnny samples 
of Guignet’s. grean as an interaiediate product ; it is soluljle in acids. 
Boric aciS is* to Ijc lookeci ly^oji as e.tefihnical impurity whicji, on the 
large scale, cannot be completcly^removed some of the new^est brands 

m 

* Z. angew. CAem., 1908, *21, 1600 ; J. Soc. CAem. /«d., 1908, 8i5. 
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showed only a small content of this Component (6-82, 4*2§,* x*95 per cent). 
Some Guignet’s greens contain, as further technical impurities, small 
quantifies of alkali chromates and iron compounds^. 

According to more recent researches by Wohler and Dierksen,^ 
from a study of the isomerism of Guignets green the brilliance of 
this pigment has been found to increase progr&sively with reduction 
in the water content of the chromium hydroxide gel^ The function 
of boric acid or silicic acid employed' on the lar^e scale^ is solely that 
of producing flocculation 

In commercial greens prepared from alkali bichromates the content 
of water varies between 15 and 22 per cent., and iiiii those from 
ammonium bichromate, between 25 and 43 per cent. ; a portion of 
the water is present in the adsorbed state Guignet’s greens are 
therefore hydrogels, like the Prussian blues. U nder certain experimental 
conditions they pass into hydrosols (colloidal solutions of QuignePs green). 

The greens prepared from ammonium bichromate, when made on 
the small scale, are free from Cr^O., and Cr^O^^ and, iil consequence, 
possess a much higher glazing power than the commercial greens. 
Moreover they are free fiom alkali The green which L. Wohler- 
obtained by heating precipitated chromium hydroxide with water 
under pressure is the purest and most highly glazing GuignePs green. 
It corresponds most nearly, without regard to its character as a hydrogel, 
to the formula advanced by Scheurer-Kestner.^ 

Analysis, P'rom the foregoing statements it is clear that the 
method of analysing Guignet’s greens adopted up to the present, by 
fusing with sodium carbonate and potassium nitrate, does not lead 
to the determination of all the constituents. In the first place the 
adsorbed water should be estimated by determining the loss of weight 
on standing in an exsiccator over sulphuric acid. Further, in estimating 
the total water-content it must be borne in mind that chromium 
hydroxides, when heated in the air, aie converted iuto peroxides, wWch 
decompose into Cr^Oj and oxygen only on the application of T*^ery 
strong red heat. The substance must therefore be heated over the 
* blowpipe < until the black mass has* become bright green. Before 
estimating the boric acid** it is nece^ary to ascertain, whether any 
< portion is present in the combined^ state as chromium metaborate ; 
this is done by extracting with hydrochloric a<wd. The boric acid 
content is determined by differen^je ^as follows : — After ignition, the 
green residue is weighed and’ is then ti^eated with a mixture of hydro- 
' fluoric and sulphuric adds on the sand-bath, and the borbn volatilised. 

1 /Sj angew. a/iem,, 1920, 39, 13. ^ ^ ^ ^ 

* tor further researches on the oonipjsition of Gu/gnet’l greeEi,^^ iee Eibner ahd Euc, 
51, 2Po6, 2157, 2213, 2268, ''and 2« 19 also,. L. \}?ohler and W. pecker, 

, , Z , a ^ ew , Chtm,^ I911, 24, 464 , them , Ind,^ 19HS 30, 559. 
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After washing otit the alkali salts, ftie boron-free oxide is then dried 
and weighed. 

Pcitassium is estimated by heating the ignited sample with a mixture 
of hydi^ofluoric and sulphuric acids as described abovj, lixiviating 
the residue with water, and precipitating with ammonium hydroxide. 
The filtrate is evaporat*ed and the residue heated until the ammonium 
salts are drivci^off; it is tficn taken up with sulphuric acid, and the 
potassium determinecf as sulphate. 

According to Fox and Bowles J the chromic oxide greens are 
difficult to bring into solution and the best method of attacking them 
is to fuse with sodium peroxide in a nickel crucible. One g. of the 
pigment is thoroughly mixed with 3 g. of sodium peroxide in a nickel 
crucible provided with a lid. Guignet’s green should be ignited before 
mixing with the sodium peroxide in order to drive off* some of the 
combined water, 'f he mixture is heated until fusion occurs, and main- 
tained at a dull red heat for fifteen minutes on the covered crucible. 
On cooling, a crust separates on the top of the melt ; at this .stage 
another gram of sodium peroxide is added and the mass is again fused 
at low redness for a few minutes. When cool the crucible is placed 
in an evaporating dish, about 100 c.c. water added and the melt boiled 
for at least ten minutes. The crucible is then washed out, 5 g. of 
solid ammonium carbonate added, and the mixture heated to boiling. 
The liquid is diluted, filtered hot, and the insoluble residue, if any, 
is washed well. The filtrate contains all the chromium as sodium 
chromate together with borates, silicates and phosphates if present. 
The chromium may be estimated volumetrically in the usual manner. 

A sample of Guignet’s gr^jen analysed by Fox and Bowles gives : — 


Chromium oxide • 


70-2 per ce 

Jloric oxide 


5-4 

Silica 


I-O „ 

^Alumina . 


0-9 „ 

^Sodium oxide 



Combitied watci . 


. 20-2 


The estimation of the chrojmipm peroxide* is still uncertain, since 
it can be decomposed by hydrochloric acid, only with great difficulty, 
the iodometrfc method* is scarcely applicable, and the peroxide must 
be estimated by measuring the oxygen evolve(J on^hgating the pigment 
in an indiflferefit gas. 

^ Ohromiam P^osphatp Greens. 

J{rttaiMon's Green is prfjpye^ l>y f'tjrriigg ujj 128 parts of amponiun 
phosphate and 149 parts of potassium Ijichromate with watar<o a paste 
and heating thapixtifte th i 80% wljdV-eby reduction, takes pace 
the tamperature must iiot fise abov^ 200". The green obtained t 

1 J. ]. Fox ami T. 11. Ro\vlcb, /•<:. «?/., p. loo. « 


11 . 


'> u 
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lixiviated with water. The green produced in this way is not much 
inferior in beauty to Schweinfurth green. When heated in a tube 
it does not, like Guignet*s green, become black, })ut violet-reii, and 
green again, on cooling. This colour is probably a basic chromium 
phosphate. 

Schnitzer's Green is of similar composition to the above, but 
crystallised sodium phosphate is used in its preparation. 

Mathieu Pless/s Giecn is prepared by warmmg together lo kg. of 
potassium bichromate dissolved jin lo kg. of boiling water, 3 litres of 
calcium phosphate solution containing 6 5 per cent, of phosphoric acid, 
and S kg. of sugar or starch-sugar as a reducing agent « 

UltHVfimuie Gicen is the intei mediate product of the Indirect 
manufacture of blue soda-ultramanne, and the end-product of tife raw- 
burning process in the production of sulphate-ultramarine It docs not 
possess the depth and briliiai?ce of the blue Ultramar, ines, and is also 
duller than the Permanent greens It is, howevci, manufacturdd for 
use as a lime wash, foi printing wallpaper, etc. Ultfamarine green 
varies, accoiding to the duration of burning and the temperature, from 
yellow-gieen to blue-green, and also in depth of shade. It differs from 
blue ultramarine, inter aha ^ in possessing a higher content of sodium.^ 
(For analysis, see Ultramarine, p. 530) 


(c) Green Mixture-pigments of Chrome YelloW and Paris Blue. 

Brunswick Green 

r 

(Chrome Green ; Milon Green, etc) 

This green is a mixture of chrome yellow, Piussian blue, and 
barytes, and comes into commerce in a variety of sjjiades (“pale,’’ 
“middle,” “jleep,” and “ex-deep”) according to the pro'portionsp(of^ the 
constituents. It is very largely used, both as an oil and water colour, 
especially the former. 'It must not be mistaken for the pigment, a 
compound of copper, origiwally known under this name 
^ Jt can be prepared by grinding together the sevei;al pigments in 
4he dry state, also,(apd tjhis is the better method]^ by precipitating the 
blue and yAlow simultaneously op the^bsfrytes. * 

Bnunsv/ick green in admiixture^wilii ^her pigments exhibits the 
properties of its component parts,, hence, for example,, it cannot be 
used w/th lime as both the»blu6 and, the ichrome .would be affected. 
(See. “ Prh^sian Blue” and “ Chcome Yellow.”) 

t u 

^ R. IIolTmann, t Utamattn^ p. 88.^ 
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Analyses of Chrome Greens (Holley). 


• 

Li^ht Chroiiio 

Medium Chrome 


Qr< eii 

Green 




Moisture ...... 

0 20 

0-10 

PbCrO, . . ♦ 

16 67 

Id 67 

.... 

1 5 80 

5 29 

Prussian blue# • 

6*98 

f> 80 

Bao 04 

bS 22 

66 72 

A1 Oj . . 1 

1 1 10 

1*94 

SiO . 1 

r 1 71 

1 66 


Owing to the varying composition of chrome green, due to the 
methdd of manufacture, a chemical examination is of small value in 
determining the q^uality of the green. The usual tinting strength 
determination ;>hould be made and the pigment examined micro- 
scopically to determine whether the green is a product made by 
precipitating two pigments together or by mixing the blue and yellow 
pigments after separate precipitation A good green will show the 
presence of green and blue particles but no > ellow, while a poor green 
will show yellow and blue particles mixed with green. An analysis of 
the chrome green may be made as follows : ^ — 

Motstuic. Two g. of the sample is heated for two hours at T05'. 
Insoluble Residue, One g. of the sample is heated at a very low 
tcmperatuic until the blue colour has been completely destroyed 
keeping the temperature low so that the iron 01 lead chromates are 
not made insoluble. After cooling 30 c c of concentrated hydrochloric 
•acid is added and the whola boiled until all the soluble constituents 
ha’l’’e passed into solution, which may be hastened by the addition of 
a few drops of alcohol. After dilution of the sample with water, it 
is boiled and fiiteied, and the insoluble residue washed and weighed. 
♦This residue is^occa* ion ally examined for silica, barytes, and alumina, 
in theThanner given.under the analysis of a whitd pigment? ^ 

^ Lead, The excess of acid present in the fijtrate from the insoluble 
residue is almost neutralised wUh* ammonia and the lead precipitated 
by sulphuretted hydrogen and estimated in fhe usual manner. 

Iron^ Aluimmuvi^ and Chromium, The filtrate is treated in The 
usual manner |Jor the precipitation of iron, altimifiiamf an^ chromiuril 
hydroxides. The precipitate is £l^r( 5 d off, washed, dissolved in Jiydro- 
chloric acid, and made up \o S ^finite yolume. In one portion the 
mixed hydroxides are precipitated ^ with ammonia, filtered, washed, 
and weighed together. y?ndthbr portion is Treated jn a ^flisk with 
excess of*potai^um kydnoxide •and J broiriine water until the* iron 
hydr<jxide has a^umed its (sharaiteiistic icddish?brown,Qpl«ur. The 
* Gardner and Schaeffei, Ana^sts of Pmntf and J^awiotg Motet ^als, I9ii?ix 36, * 
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iron hydroxide can be filtered off* and estimated volum’etrically. The 
filtrate^from the iron precipitate is acidified with nitric acid ai^d the 
alumina precipitated with ammonia. Chromium is /determined ki the 
filtrate by reduction to a chromic salt with hydrochloric afcid and 
alcohol, precipitating with ammonia and weighing as oxide. 

Caliitim and Magnesium are determined^in the filtrate from the iron, 
aluminium, and chromium precipitatipn. ^ 

SulphuJic Acid. One g. of the sample is dissolved in 30 c.c. of 
concentrated hydrochloric acid (after ignition until the blue is com- 
pletely decomposed, as before stated), diluted with water, boiled, 
filtered and washed. If lead sulphate is present, the adld filtrate is 
neutralised with solid sodium carbonate, an excess added ahd the 
liquid boiled for half an hour. The insoluble carbonates are filtered 
off and the sulphate is determined in the filtiate by precipitatior^ with 
barium chloride in the usual irfanner. ‘ 

Nitrogen may be determined by the Kjeldhal-Gunning method.'' 

The Prussian blue piesent is calculated by multiplying the iron 
found by 3 03 or the nitrogen found by 4 4 The sulphate is calculated 
to lead sulphate and calcium sulphate, should calcium be present, and 
the chromium to lead chromate. 

Zinc Greens. 

The name Zinc green is now applied exclusively to mixtures of 
zinc yellow and Prussian blue, that is, to “ zinc-yvdlow greens.^^ Like 
the chiome greens, they contain varying quantities of heavy spar or 
blanc fixe and arc likewise pieparcd in many different shades, which 
are purer but also paler than the chiome greens The palest varieties 
possessing a yellow tint are known as “parrot greens” (Varieties 
of Schwemfurth green also pass under this name.) The so-called 
“ blueing ” of zinc greens, wdien used as oil colours, is due to faulty 
pfreparation, and is caused by the Piussian blue nraking^its way tof]t;he 
sui^ace. The zinc greens are just as unstable ftowatds lim^as the 
chrome greens, but, on the other hand, are much faster to light. 

Anatysis. Chrome greens and * zinc greens are decomposed by 
potassium hydroxide. The zinc yellow in thcizinc grce»» is completely 
dissolved, so that the precipitate ‘consists only of heavy spar and 
liydrated fQ:rnc* oxiefe, all the zinc, together with •the pota.ssium ferro- 
cyanide, being in solution. , ZincS'jlk^me is not reprecipitated when 
acetic acid i<? added jind thus diffqiis fi^in Brur^wick green. The 
zjnc in solution can be recogpised by a white precipitate*on ‘addition of 
ammoniusa..sulphide. ‘ 

Ihe procedure ^ in the* quaptitalivci atlalysis of*«hronVe and zjnc 
greens is il^gulated according to jfic constituent to, be estimated (see 
pp. 484 arfd 489)..^^ . . « 
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Green VermUion^ English Grcen^ Mineral Green, These colours are 
closely related to the chrome greens, and are usually prepared by 
treatjig Prussian blue, rendered soluble by oxalic acid, with a s^olution 
of potacsium bichromate, and then adding a solution of lead acetate. 
If barium salts are used for precipitation, shades similar to the zinc 
greens are obtained. • 

According G. Wendf, a green vermilion containing no yellow 
is prepared by adding i part of*a solution of potassium ferrocyanide 
saturated in the cold to 15 parts of oxalic acid, and warming on the 
water-bath until the dark blue turbidity which forms at first has changed 
to a sea-grein. This mixture is then poured into a solution of 15 parts 
of ferrous sulphate saturated in the cold. The name “ green vermilion ” 
being*a spurious substance designation, should be abandoned. 

Fastness to Zinc White (of the chiome greens and zinc greens). Since 
both Prussian Ijlues and clvome yellowis in the form of water colours 
are extraordinarily sensitive to sunlight when mixed with zinc white, 
and zinc yellow under similar conditions is also unstable, it is to be 
expected that the chrome greens and zinc greens will exhibit the same 
defects. This is the case: — i per cent, mixtures of chrome greens and 
zinc greens with zinc white faded considerably within a month, and 
at the same time assumed a strong blue tint. The yellow component 
is therefore more rapidly destroyed than the blue, owing to the 
reversibility of the light reaction in the latter case. 


(c/) The Green Copper Pigments. 

* . 

• These pigments, although Httle used in ordinary paints and artists* 
colours, are in demand on account of their poisonous properties in 
antifouling compositions for ships* bottoms, and in paint for use in 
^th^ tropics tc4 prevent attacks of the white ant. 

I. Imitation Native Maiachitefireem,. 

• . 

Mountain Gfcen was formerly prepared, by precipitating a boiling 
solution of afi'pi and Copper sulphate with a hot solution of sodium , 
or potassium carboijate (MierzinsU). The RJoutitcyn green obtained 
according to Garth’s method toytains added Schutt yollovf. Varieties 
of mountain green blended .yritia‘\^ite clsty, heavy spar, etc* arelinown 
under the^nanaes “'Alexander grtfi^n,” “Glhnce green,” and “ Napoleon’s 
green.” 

Green .Verditpr is an a^tificjal, malachite, prepared ’b^y pitcipit^ting^ 
solutions of coppar witl? potassium.and’A)dium carlronates.^ It is nearly 
obsolete. 
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Lime Green (Earth Green) {vtde^^ 538)— This nairfe^was originally 
given to a pigment obtained by precipitating copper sulphate solution 
with chalk, or milk of lime! It is not stable. % 

Bremen Green is the intermediate product in tlie preparation of 
Bremen blue (p 524) 

Brunswick Gieen was originally obtained by ti^iating copper sjulphate 
with common salt, and precipitating with milk of lime; in this case it 
is a basic copper chloride When precipitated vAth sodium carbonate 
it possesses the composition, CuCO^ Cu(OH)2 At the present day 
the name has been transferred to mixtures of chrome yellows and blue, 
to which the names “ Prussian green ” and “ Victoria gre^n ” are also 
applied The name “Brunswick gfeen” is, however, also applied to 
Bremen blue and to an arsenical copper green containing noWcetic 
acid, as also to a variety of Schweinfurth green. ' 

Brian Gieen is prepared ip a similai tuay to Ihe ^old Brunswick 
gieen, by adding a mixture of copper sulphate and common salt to 
milk of lime, washing the ptccipitate obtained, and treating it with a 
solution of neutral potassium chromate Vienna white or heavy spar 
is added to it 

Bollefs Green is a copper borate dehydrated by heating to redness. 
It possesses good covering power and is applied as an oil colour. 
Little use is made of it at the present day. 

Gentelds Gfeen, tin-copper gieen, is obtained either by precipitating 
copper sulphate solution with stannous chloridf and washing and 
drying the precipitate, which is white at first but later becomes green ; 
or else by using sodium stannate and washing the precipitate (which 
is at first orange-yellow), whereby it gradyally becomes green. . 

Ehnei\ Gieen is a mixture of tin copper green and fustic decoctis»n. 

2 Verdtgi IS 

These colours include the true verdigris (Verdit, Ver^et, GrufRphfi), 
which occurs in two varictiet' as “Neutral blue’’ or “Crystallised 
Verdigris,” in the form of “grapes," und as “Basic Verdigris" in balls. 
At one time it was prepared by •the aefton of wine residiyss on copper ; 
acefic fermentation sets in and tfee immediate product is neutral 
dapper acetate.. At <he* present time vinegar is aised, or calcium or 
sodium ace|ate*is allowed to act mi v:oppcr sulphate, or else copper 
carbonate is dissolved in vinegar. CrysAllMJed verdigris approaches the 
compositidn, tu(C2n,02)2, but it also contains basic ‘acetate. The 
c<Jmposili(jn^ 2(?u(OH)2 AsAibed to* the basic gfeen- 

coloured verdigris. Common Verdigris cootaips 13*^ pet cent, of 
water. ^ Xhij^e, kinejS of verefigris, English, French, &nd German, are 
reedgnisedf Verdigfis sjiould .dfssolve* compfetelv in ammonium 
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hydroxide, or at? any rate not leave more than 2-3 per cent, of residue. 
It is also readily soluble in all acids without effervescence. Additions 
of chlilk, gypsum^ and heavy spar are sometimes made. Verdigris 
is a glazing colour ; it is very unstable, and its consumption is 
decreasing. 

Analysis, In testihg for metals other than copper it is well to 
ignite the ver4igris, dissofve the residue in hydrochloric acid and 
apply the usual groujf tests. Solution of the verdigris in hydrochloric 
acid with effervescence would point to the presence of chalk, while 
barytes would be left as an insoluble residue. Sulphate present in 
the hydrocliioric acid solution should be estimated by barium chloride 
and probably means the presence of gypsum which the presence of 
calcium would confirm.^ 

Cassebnann^ s Gtecn is a basic verdigris obtained by mixing a boiling 
solution of sodium acetate vuth copper sulphate. Next to Schweinfurth 
green it is the most beautiful copper colour. It has the composition 
CuSO,.3Cu(Cn),.4lip. 

The so-called Sa'ion Vcnhg}is approaches the old Brunswick green 
in composition, and is formed by precipitating a mixture of copper 
sulphate and common salt with milk of lime. It contains gypsum or 
Vienna white. 


3. ulrsenti Greens. 

These colours consist of either basic arsenite or arseno-acetate of 
copper, with or without additions. Included in the former class is 
Scheele^s Green^ which was originally piepared by treating a solution 
^of copper sulphate with a solution of white arsenic in sodium carbonate, 
aiAl then adding caustic soda solution until copper could no longer be 
detected in the filtrate from the green precipitate which was formed. 
This green varies in colour from canaiy-green to dark green, according 
^to jLhe amount of arsenious acid it contains ^ As a pigment it has 
gone Jtt of usQk 

Another pigment sold under the name of Sc/ieele's green is obtafned 
by precipitating a dilute solullorr of copper sulphate with an alkaline 
solution of arsenic. It has fairfy good»covefing power, and can be used 
as a water and oil colour as well as for lime wash. * ^ < 

Emerald Careen ^(usu'dWy called Sclnvcinfmth^ Gre^t in Germany^. 
Some fifty names have been fmplayed for the desf^naUon of this 
green in its various pure J^nd^a^lterated forms, and as prepared by 
the older 0r rtewer methods. Some of these indicate its orfgin, whilst 
others are fancy \iames, Ac* object of wtiich*has been to disguise Ae 

• •• • • 

^ FeS- the estimation of cuprous copper m popper •ptints consulnC. J. Hough, /. Soc. Ckeij^^ 

In<i,y If 19, 38, 914A. • t . • ♦ 

^ Cf^ Zerrand RUbencamp, Cohut Manufactutefx^. 2J7. , 
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poisonous character of the colour. The older names (of emerald green 
are: — JVIitis, Vienna, Par, is, Verdigris green (for an emerald jgreen 
prepared according to the old method, from verdigris), Emperor/New, 
Mineral, Original green, Vert Paul Veronese, etc. It occui^ under 
the last name as an artisPs colour. The use of emerald green has been 
on the decrease of late years. 

The modern method of preparing emerald ^reen ^ consists, in the 
first place, in mixing a hot solution of white arsenic in sodium 
carbonate with the calculated quantity of copper sulphate solution. 
Dirty green copper arsenite is formed. After some time, the required 
quantity of acetic acid is added, with stirring, at a teniperiture of 
about 8o°, and the solution is then diluted with water until the 
temperature has fallen to 20^ In about an hour the formation^ bf the 
green, which takes place with evolution of carbon dioxide, is complete. 
The beauty of the shade depends on the manner in which Crystal 
formation takes place. Emerald green is the most beautiful green 
inorganic colour known. The more arsenic it contains, the paler it is. 
It is a double salt of copper arsenite and copper acetate and has the 
formula, Cu(C^H 02)2 sCuAs^O^ 

Pure emerald green dissolves in dilute acids, the caustic 
alkalis, and in ammonium hydioxide, leaving no icsidue, indicating 
the absence of china clay, baiytcs, etc, and with the exception of 
malachite all the copper green pigments should dissolve in dilute 
hydrochloric acid without effervescence. The •solution should not 
give any precipitate on the addition of excess of ammonia, indicating 
the absence of salts of aluminium, calcium, magnesium, etc. On 
boiling with caustic soda or potash it is decomposed and the copper* 
precipitated as red cuprous oxide. When heated with dehydrated 
sodium carbonate in a tube it evolves an odour of cacodyl. 

The presence of chrome yellow may be detected ^ by dissolving in 
hydrochloric acid (a white precipitate is often formed w.^ch disappears* 
‘dg^n on thc!*addition*of a large quantity of water), diluting witlfwater, 
aiifi adding sulphuric af id. The lead sulphate is filtered off, and the 
filtrate bdiled, with addition of alcohol ; on adding ammonium carbonate, 
chromic hydroxide is precipitated. 

^ Yhe copper is estimated by dissolving the emerald green in hydro- 
chloric acid,^trcatirlg^he ‘solution with excess of ammorvium carbonate, 
filtering off any precipitate^ forftied l(alumina, calcium, magnesium), 
and precipitating the copper in tjje^ boiling filtrate with sodium 
hydroxide. 

The VnjcfoscQpic examination* of the colour is also of importance. 
This Is best carried out by*mi3jing it^U^itfi a‘drop of giycerin‘on slide, 
Without grinding, aVd laying a coVer-gJas^ over tjfie mixture^ the 

^ holte^^Suhlsrhipidty c/i dh techn chem, Untefsuckungefti 1SS9, p 352. 
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magniftcation required with dark greens is about 200, with lightei 
greens from 400-500. Heavy spar and light^spar (naturally occurring 
grouad gypsum) ^are easily recognised by* this examination.* The 
presence of octohedra of arsenious oxide 
(Fig. 50) indicates that the colour is a 
verdigris green, prepared by the verdigris 
ethod.^ \ 

S. Avery ?nd H. T. Beans- have shown 
that the usual methods for estimating the 
soluble arsenic trioxide in emerald green, 
depending tssentially upon extraction with 
water, are impracticable, and recommend 
the fcfllowing procedure : — 1 g. of the colour 
is heated for five minutes with 25 c.c. of sodium acetate solution 
(l2-5 g. in lOOQc.c^; the solution is cdolcd, made up to 100 c.c., and 
an aliquot portion titrated with iodine solution. Sodium acetate largely 
prevents hydrolysis of the copper arsenite. 

J. K, Haywood ^ has modified the above method for the estimation 
of the total amount of arsenic trioxide. The latter method gives very 
good results if the samples of emerald green arc pure, but if much 
free arsenious oxide is present the results are too low. The following 
method is therefoie adopted: — 2 g of an average sample is powdered 
in an agate moitar, and 03-0*4 g. of the powder treated in a beaker 
with 25 c.c. of wat«r; concentrated hydrochloric acid is then added, 
drop by drop, with constant stirring, until the colour is all dissolved. 
Under these conditions free arsenious oxide remains insoluble and is 
filtered off and washed ; the arsenious oxide in the filtrate is estimated 
b]? Avery and Bean's method. The filter paper and its contents are 
washed out of the funnel into a beaker, treated with 5 g. of sodium 
bicarbonate, boiled for five to ten minutes until the arsenious oxide 

* is 4:ompletely*^dissolved, the solution cooled, acidified in presence 0/ a 
drop W methyl orange, then rendered alkaline again ^ith sodiunj 
bicarbonate, and after addition of starch solution, titrated with idUine 
solution. 

When frCiP arsenious oxidrf is preeent, *5. Avery'* recommends the 
following treatment; — The sample is gently heated with about*^^: 
hydrochloric ^cid, rising 5-10 c.c. for every •o* i • g* ; Jif the substan€< 
does not dissolve completely, a rjold .^lurated solution ©f sodium acetate 
(about 3 g. of the salt for eVerjS' cfi g. of Jhc sample) is acfdcd, and the 

• mixture •boiTcd until all the arsenious oxid<? is dissolved. All th€ 

A - . • * 

^ Ci,^»afi£eu%them% 1 888 ^* 1 , 47 . 

- /. Arnef, Chet%, 23, ill.# 

. < IHd., f90}, 25 , 963 . 

** A Amh. Chem. Sot,, IQO^. 2*:. lOy^. 
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copper must be in solution beforl the acetate is added. When the 
substance is completely dissolved, alkali tartrate and solid bicar- 
bonate are added, and the dilute solution then titrated In the«usual 
manner. ♦ 

For the analysis of copper arsenite pigments, in the absence of 
calcium, etc., the method of Peters and Fielding*- is rapid and accurate. 
They precipitate the copper as oxalate, which is »K3etermined by 
titration with potassium permanganate, the arsdnic bei^g determined 
iodometrically in the filtrate 

About o 25 g of the pigrnent is weighed into a small beaker, less 
than I cc. of sulphuiic acid (i : 10) is added and, mai»»tairiing the 
volume at 50 cc the liquid is boiled for two minutes. While ^ot 2 g. 
of crystallised oxalic acid is added, the liquid heated again topoiling 
and left to stand overnight. The precipitated copper oxalate is loitered 
on to an asbestos filter and washed with a little water, to remove the 
arsenic completely. It is mixed with a convenient amount of ^ater, 

S or 10 cc. sulphuric acid (1 . i) added and the mixture' heated almost 
to boiling The oxalic acid is titrated with standard permanganate. 
The filtrate from the copper oxalate is neutralised by dry sodium 
bicarbonate and the arsenic determined by standard iodine. 

Analyses of Enici aid Green Forty- four commercial samples examined 
by L L. van Slyke and W, H. Andrews^ in 1902, contained . — 

Mean 

55 39 to 61 40 - 57*10 pei cent. As^Oj •• 

061 „ I 35 - I 01 „ As^()„ soluble in water 

2703 ,, 3079 - 2941 »» CuO 

5060 „ 5760 =- 55 10 „ combined with copper. , 

The discnic greens known as S(da greens arc obtained by 
neutralising with sodium carbonate the mother liquor containing white 
arsenic, acetic acid, and dissolved emerald green, which is produced in 
the preparation of the latter. If the neutralisation is oar^ried out w^;h* 
milk of lime,*the resulfing products arc the Ltme-arsenic^gfeens? 

Jl7enwied Gfcen is a mixture of emerald green with varying quantities 

* of gypsurti, heavy spar, or blanc fixe. It is prepared by a process 
similar to one of the old methods for obtaining emerald ♦green. It is 

* ncw*only rarely found in commerce. •* ‘ 

Compatibilityt h} Mixtures . — As already mentiefhed, fimerald green 
very rapidly undergoes doubje dcc^rrfp^ositjlon with cadmium yellow, 
orange, and red, copper sulphide beiijg fobnd. Pa,»*tial discoloration 
of mixtures with ultramarine, Si*turn red,^ and vermilion lias l?een 
^b^ervc(f tq ^akccplace within a )jear. 

^ Ind* Eng* Chemj^ 1916, 8, 1114^ *■ i 

2 I^ew^YdH AgilcuJ^uial Exp* Sta*^ Gmeva^ N*Y*^ Bull. No. 22!^ 1903. p. 265 ’ 

Zetf and RUl^encamp, C(doti\^Maitnfaiiuie^ p. 219. 
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IX. Brown Pigmfnts. 

{a) Natural Products. 

Upaber, Umbdr Brown (Mineral Umbei). 

• • 

(Velvet Brown ; Chestnut Brown; Manganese Velvet Brown ; 

Burnt Umber.) 

• 

Umber is a natuially occuriing brown pigment, similar in composi- 
tion eind properties to ochre and sienna, but containing a larger 
proportion of manganese It is found in many parts of England, in 
France, Italy, etc , \^hile the finest qualities come from Sicily and Cyprus. 
It comes into commerce in two forms, “raw"’ and “bnrnt,'’the latter 
possessing a deeper and more i eddish tint than the native variety. 
As pigments the umbers work well both in oil and water, they are 
quite permanent and can be mixed with all other pigments without 
being in any way affected 

They are decomposed by prolonged boiling v^ith conccntiated 
hydrochloric acid and can be examined by the methods used 
for ochres and iron oxides (p 495) The manganese is best 
estimated iodometrigally 

Cologne Earthy Cassd Brown are pigments of natural origin, but 
contain lignite or other oiganic matter. The lignite is soluble in warm 
caustic potash. These pigmmits vary greatly in composition and are 
therefore of little use. ^ 

Vandyke Bjoivn is also a natural product, paitly organic, but 
imitations made from lamp black, red oxide and yellow ochre are sold 
^un;jer this name. These products aie easily iccognised by the floating 
pdVticIne of car*J^on black on admixture with wateij. ^ ^ 

• Analysts, The incthods given und(;r the Siennas on p. 471 •are 
applicable to the Umbers. 

• 

(b) Artificial Products. 

Berlin Brown is produced ‘by oharring Prussian* bliTe, and is a 
mixture of ferroso-fcrric o:fcide?, ffrric oxide, and charcoal* It Is only 
•used as asi ar1:ist’s*colour. *• • • • 

Plorentine BroXvfiy alsolcrfovfn as Van<5ykc*red and Hachetlie brown, 
is cojjper ferrocyanide.^ Its permanende in^the light is uof as great a^ 
that^f the unmiSed Prussiar; blu^. As 'regards Ift^s comp^tijpility with 
other pigments, sufficient "data are flot,yet available. 
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X Black Pigments 

f • fr 

Bone Black, Drop Black, Ivory Black, Lampblack, Vegetable 
Blaclr Graphite, Wood Charcoal, Vegetable Charcoal, Vine 
Black, Mineral Black, Black Oxide of ^ Iron, Black Oxide of 
Manganese 

t I 

The usual black pigments are those consisting of carbon, existing 
either in crystalline form (graphite) or the amorphous form which 
includes all the many artificial carbon blacks Black enamels contain 
coal tar and asphaltic mixtures and are described in thL section on 
Paint Vehicles, Japans and Varnishes (pp 563 et seq) \ 

Fox and Bowles classify black pigments foi purposes of ^alysis 
as follows — ' 

i 

(a) Blacks prepared by ( barring organic matter bone black, drop black, 
ivory black, diaicoal, mineral black (from wastt co£\l) 

(/j) Blacks from deposited carbon, or soot blacks lampblack, vegetable 
black, and carbon black 

(c) Naturally occurring products black oxide of iron, bc^O^, black oxide 

of manganese, MnO^, mineral black (bhek slate or clay shale), 
natural graphite 

(d) Artificial graphite 

(e) Black or blue black organic dyes 

« 

Analyi^ts Ihe following methods are, in main, those given in the 
Interim Report on Methods of Analysis of Coal,” issued by the 
Fuel Research Board of the Department of Scientific and Industrial 
Research, to which lefcrence should be made where greater deteiil 
is required (See also Vol I pp 327-340) 

Moistuie. From i to 2 g of the pigment is weighed in a shallow 
weighing vessel provided with a well-fitting cover, and headed, uncovered, 
for one hour^at a temperature of 105'"-! 10°. The dish i 5 then o^^verdd, 
allc/A^ed to cool in a desiccator over sulphuric ‘'acid, and weighed. 
The loss in weight is expressed as moisture.” 

Oily Matter, This may* be dptermiaed by extraction of a suitable 
, quantity of pigment in a Soxhlet apparatus "(srith ether, chloroform, 
carbon disulphide,, or okher suitable solvent T^jc solvent is finally 
evaporated ( 5 ff ip a tared vessel anc;^ the .extract is dried afa temperature 
of 70® Und Weighed. Gas blatks usibjl) ccjsitain considerable propor- 
tions of oily matter. * ** ** * ' ^ 

^Ask,f From i to 2 g. of tbs'" pigmentu’s weighed in a shscllow 
\)latin.um, Silica, or porcelain disii, appro;xim,atel^ i cn? deep^ by 5 cm. 
diameter, and heated at first* ^l6wly to prevent meclianical loss and 
JfinaUy at% temperature of 75 o'j- 8 ( 5 o'' in .an 'oxitlisin^g atmosphere in 
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a muffle, furnace fbr one hour or untif constant in weight. If graphitic 
carbon is present, it is extremely difficult to burn in a muffle furnace, 
unless a free supp^ of air is allowed to pass over the dish. Should 
carbonates be present, the ash is mixed with a small amount of 
ammonium carbonate and again ignited, thus reconverting^to carbonate 
any oxide which may have been decomposed. The ash is examined 
for SiOg, Ca, IVSg, and phosphoric acid. 

Volatile M(^ttcr, (!)ne g. of the pigment is weighed in a platinum 
crucible closed by a well-fitting internal capsule lid, and the covered 
crucible, placed on a support of platinuiu or nichrome wire, is heated 
for seven minutes at a temperature of 900 -950", cooled, and weighed. 
The loss in weight represents the volatile matter, including moisture 
in the* air-dried sample. Duplicate results should not differ by more 
than o S per cent. 

Lamp and gas blacks may contain sviall traces of sulphur and free 
sulphuric acid. Should a complete analysis of these be necessary, 
reference should be made to the methods described in the above- 
mentioned report, or to Fox and Bowles', The Analysis 0/ Pign/enls, 
Paints y and Va;m 9 /ieSy p 119. 

For the estimation of carbon and insoluble mineral material, the 
following method is laid down in the American Ciicular of the Bureau 
of Standards, No 94. 

Carbon and Piso/^^ble Mineral Material. One g of the pigment 
is weighed in a poraelain dish, moistened with a few drops of alcohol 
and 20 c.c. of concentrated hydrochloric acid, covered and digested 
on a steam bath for fifteen minutes. The cover is removed and the 
•contents of the crucible evaporated to diyness, moistened with hydro- 
chforic acid followed by 25 c.c. of distilled water, filtered on a weighed 
Gooch crucible, and the residue washed with hot water until the 
washings are fiec from lead and iion. The crucible and contents are 
•drkd at ios'«uo for tv\o hours and ignited for seven minutes in.a 
currenT^of dry* carbon dioxide (using a Rose oiruciblc cover) with 
flame about 20 cm. high. After cooling in a current of dry carton 
dioxide the crucible is weighe^tf and then igrfited with free •access* of 
air (or in a jurrent of oxygerf) until# all cfirbon is consumed, cooled, 
and reweighed? The loss in weight is calculated as carbon and*t^e 
final residue ^s insoluble mineral material.* Lead jind iron in the 
filtrate are determined by thejusuai methods. • * 

Black Oxide of Iron, The Sn^lysis of this material may be carried 
•out by the Methods given under iron oxide •pigments (p. 495), the 
proportion of iroh being •calciflated to ^ 

Blfick Oxide^ef Maifganese,. The a!haly*sis of manganese^ dioxide 
best ^etermineef by distilling the* pigment with ItydrocMjrij: acid and 
passing the evolved chlorirre intS a solution ‘of potassium iodide 
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the liberated iodine being titrated with standard thiosulphate 

solution. Manganese may be determined by any of the ^ usual 


XI. Bronzl Pigments.^ 

This name is applied to certain powdery sAbstaneq^ possessing a 
metallic lustre and consisting of rnetallic alloys or compositions surh as 
Mosaic gold (stannic sulplvde). They are used for coating metallic 
or other objects, for the purpose of imparting to then> a spmi-dull 
metallic lustre They arc employed in the graphic industries in the 
wallpaper and paper industry, and for various other purposes, y 

Bavarian bron/c pigments have been shown to contain the following 
amounts of copper Copper* red, 98 92 9cr cent ; p,urple, 98 §2 per 
cent. ; orange, 95 30 per cent ; pale bronze-yellow, 82-34 per cent. ; and 
intense yellow, 81 55 pci cent The analysis is caiiicd 6ut in the same 
way as that of a copper alloy containing zinc (if, p 220). 

Besides the genuine bron/cs, substitutes aie also used, the oldest of 
which is “Mosaic gold’' (stannic sulphide) They aic employed more 
especially in cases where genuine bronzes would be injured by acid 
fumes and hydrogen sulphide 

Tungsten Bronze (Sodium para-tungstate) has been suggested as a 
substitute for bronze pigments, it i>ossesses a magnificent golden yellow 
colour , the conespondmg potassium salt is purple and in sunlight has 
a copper-like lustie, the lithium salt lias the colour of bliie-tempcred 
steel. These substitutes have not, howevpi, as good covering power aS 
the bronze pigments, for, unlike the litter, they do not possess %c 
characteristic cleavage into lamellse necessary for intense reflection ol 
the roloiirf'd of licyht ^ 


XII. Lakes 1‘Kom Artii icial Dyes.'^ 

^ C « < 

Lakes are pigment c^ilouis which, aie produced by converting 
soluble dyes into insoluble compounds. The)) differ, regards pre^ 
jjaration and composition, from natuially occuiring products, such as 
ochre, umbew, efc , and from thosp wht(:h‘are obtained fty the chemical 
decon»posi1ton of salts — eg,y iead chr^mtUe^rPiussian blue, etc. 

m * f ^ f 

^ Cf, C. Hebing, I cf tind Btonzt^tung, G. Buchner, Die Metal/fdrVung^ 194 ^ 

LmE. Andres, Blaiimetalle, Bionhn unh Mefallpuher\ ” * • 

% * ^ A.W^l^ofindnn, Repoi is oj ihe Jiok}> of In^amt^onal Exhtbitmh Londf n, 1863, p. 83. 

W. Alhebr^ok, /. O^andCo/, Lk lyig, 2, 12$ * J, B. siuw, iM., 1926, 3, 57 ; 

K II. JennwoiJit tbed , 19c 2, 5, 145. Of. 1 he Manujittlu} e of JkaU BigmenU from /kriiMial 
^CoiomSy by F.tH. Jennison, 2nd Ec\|, 1920. « ** 
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Lake Precipkants for Acid Dfh, The substances most largely 
employed are : — Barium chloride, lead nitrate or acetate, zinc sulphate, 
aluminium sulphate or acetate, alum, stannous chloride, antimony 
pentach’oride, cafeium nitrate or acetate, sodium acetate and 
phosphate. ^ 

Lake Precipt fastis ^for Basic Dyes, These comprise: — Tannic, 
phosphoric, ars^nious, antirrtonious, stannic, tungstic acids, rosin and 
palmitic, and stearic fecids. 

Lake Bases (Substrata). These are chiefly : Barium sulphate, as 
barytes (natural) and blanc fixe (precipitated BaSOJ, clay, China clay, 
calcium sulphate, kieselguhr, red lead, zinc oxide, lead sulphate, 
aluminium hydroxide, calcium carbonate, aluminium phosphate, 
aluminium arsenitc, batium phosphate, lead carbonate, calcium 
phosphate, lamp black, lithopone, orange lead, giccn and white earth. 

Examination <Jf the Colouring Materials, — A small quantity of 
the colour is mixed with glue water or gum, spread on paper, and 
dried at 40 -50^ ; the specimen is then compared with standard colours. 
The suiface, which is tested by the feel, and the depth and richness 
of colour are also examined , these properties, together with the results 
of examination of the base, often afford hints as to the method of 
preparation of the lake. 

Part of the colouied paper is heated at 100 , in order to observe if 
the shade changes or if the colour is otherwise affected at this 
temperature. . 

Separate pieces of the paper arc treated with a drop of 10 per cent, 
and with stronger nitric and hydrochloric acid and with concentrated 
•and dilute sodium or potassiqm hydroxide, and the results arc referred 
to •tables of dye tests in order ^o identify the dye ^ 

The pigment may also be rubbed out with a little oil on a glass 
plate and the shade and undertone noted It may be reduced with 
^teij^or twenty««timesjts weight of zinc white, and if the pigment givgs 
tHfe sa.*#e shad^ in oil and on reduction as one •of standeV'd or knowa 
• pigments, it is probably identical with, it. l^astness to bleeding 
fastness to light must be determined. If the* pigment is fo¥ use a& a 
pulp colour it may be rubbed 45ut on papers in size ; if as an oil colour, 
it may be painted out l)n some sip face and allowed to dry. A whi^e i 
in size is painted ov^r the dry film in the case of. a^pi^lp, or a white i« 
various media,%^., gold size, or ^omo vehicle reduced -witfi turpentine, 
white spirit, alcohol, or ethe/, ih \fhich life colouring matteV is soluble, 
^whereby t)leeding*of the colour iflto the white w*ill be observed. 

IT sunlight is rrot avail&lble the filme o?thc pigment may be exposed 
to the rays of ^ violet c^rbpn#arc !vith,.a filter of* iliifi VitarglasS^ 
between the pattern and the jirc ^ > 

^ Cf, the eeciion on Dves,***VoI. IV.* i b« G. Baiker, Xhemual 
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Ordinary Yellow Lakes are [prepared from najAthol yellow S, 
auramine, thioflavine T, quinoline yellow, and metanil yellow. Com- 
parative tests with stancfard samples usually serve as a rapid lieans 
for recognition of the dye. The acid test is also ol assistance in the 
identification. 

Naphthol Yellow S. On treatment with hyd/ochloricacid the colour 
disappears almost completely. With nitrid acid it first >>ecomes reddish 
but decolorisation soon follows. ^ ^ 

Metanil Yellow. Hydrochloric acid turns the colour much redder ; 
with nitric acid it turns nearly scarlet. 

Anraminc O. Both nitric and hydrochloric acid cr.us^ almost 
complete decolorisation. \ 

Quinoline Yellow. Hydrochloric acid produces scarcely any change ; 
with nitric acid it becomes redder. \ 

Thioflavine T. Nitric awd hydrochVt)ric acicis pause dfecolori- 
sation. With sodium hydroxide it turns redder (auramine is 
decolorised). * 

The Orange Lakes^ almost without exception, are prepared from 
azo-dyes. The lakes made from Mandaiin, R and G, and Orange II 
(Basle) arc inferior to the brilliant Oiangcs, O and R, of Meister Lucius 
and Bruning. Very often mixtures are used of a cheap dye to give 
richness and depth, and a more expensive one to give increased 
brilliancy and stability. The behaviour of these dyes towards reagents 
is practically the same ; the examination rests essentially on com- 
parison with standards. The comparative effect of light during a 
period of two to three days is a useful test in this case. 

Greater difficulties occur in the exaipination of Red, Starlet, and 
Crimson Lakes. The following may tys employed for their prepifta- 
tion : — Eosins, alizarin, and a/o-dyes, and basic dyes such as safranine, 
fuchsine, rhodamine, methyl violet, etc. 

. Eosine Lakes are, after short experience, easily^ recognised by their; 
.vividness, cVjpth of colour, and want of permanence to lights Even 
after two or three hours’ exposure incipient fading may be observed. 
The identification of a particular eosM is not easy, because all eosin 
lakes arc toned by the addition of vifrious basic coloufs to give the 
required shade. Treated with acid, they become ycllsw; with alkali 
the dye is separated from the base ; addition of alcehol usually produces 
a fluorescehl solution. * 

Aft^artne Lakes are also coloure<lV^llo«^ by acids, but more slowly. 
Alkalis cause no change. * m ^ ^ 

^ Fast or J^ermanent ^Rec^ {&.g., Il^jlid Y'dst Red) show but ’little 
'^changc when treated with djlute*acid» or* dilute jlkalies, This, together 
with thei^ fji^pcss light, which isSupejior^to that ^ all but al^arine 
•lak^, givob a ready iheans of idantifying them. 



LAKES FROM ARTIFICIAL DYES 


661 


The monoa^^) dye derived froih ?//-xylidine sulphonic acid and 
R salt gives with lake-forming metallic bases yellowish scarlet lakes 
of remarkable fastness to light.^ ' * 

Pure Fuchsine*Rhodamine and Sajianine Lakes are easily identified 
by their characteristic shades ; greater difficulties in identification arise 
when m^ixtures of dyes# are present. 

Violet Lake^y rhodamino, fuchsine, etc , are employed for shading. 
Violet Lakes, with the exception* of those derived from ga Hein which 
become brown with acids, are for the most pait derived from methyl 
violet and acid treatment changes thtem to a blue colour. 

Blue La^es are obtained from the various blues, egy Nile blue, 
methylene blue, BAlc blue, and New blue, also from Water blue, 
Alkali blue, etc Blues derived from alizarin colours are uncommon, 
while the crioglaucines and dyes of similar constitution are extremely 
sensitive to acids* and all^alis Thes^* dyes are recognised by the 
reactions given in the section on “Organic D}es,'* Vol. IV. 

Brown Lak^s are mostly prepared from Bismaik btown toned down 
with other dyes The acid browns are used to some extent, but the 
difference in the lakes produced is great and they are easily recognised 
as acid colours. 

Green Lakes contain dyes of the triphcnylmethane series which are 
either basic or sulphonated amido-colours, the acid properties of which 
overcome the strong basicity of the amido groups, but from which 
lakes can be formed, only when amido- and sulphonic-acid groups have 
entered into combination Many basic greens (malachite green) 
combine with green earth directly giving shades fast to light, alkalis 
.and non-blecding The quality of the green earth is of as much 
iiT^)ortance as that of the green dyestuff. 

Black Lakci^ possessing a rich, deep shade are difficult to prepare, 
and are little used. 

Examinatjon of the Substratum —Admixtures of finely ground 
*nAner'’isubstahccs may geneially be detected bj^feel when the sample 
is rubbed on paper.* For a general analysis a small portion of the ‘dry 
lake is heated in a porcelain* pruciblc. A*rsenic trioxide can *be 
recognised by the garlic-like lodour ^of it^ vapours. If the residue, 
after ignitioft ^ dissolves almost completely in dilute hydrochloric ^ 
acid, and, on addition of ammonia to thq sqlufion, a precipilf^e 
of aluminium^ hydroxide is *foi;med^ it is fairly certain •that a lake 
precipitated on a base of*,ali«nkiium arsenite is being ^dealt with. 
^The presence! of a*phosphatc maj', be }>ro^cd by*ammoniam molybdate. 

For a complete examiriatiorv, the *tcsickue £»fter ignition, th^ greyer 
part of wjiich is^ usually syDluble^in beiling, hydrochldr^c add, is sub# 
mittcB to qualitative analysis. # • • * 

^ * ^’E V. 16405^, 5,th Decembei 19P19 ^ 
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An insoluble residue usually •icbnsists of clay, barium sulphate, 
calcium sulphate, or mixtures of these substances. 

Wlfen ochres or other highly ferruginous compounds have bee4used 
as part of the base, the colour of the ash and the quantity of iroi% 5 present 
indicates theft presence. 
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PAINT Vehicles, japans and varnishes 

By R. S. Morreii, M.A., Pli.1)., F.I.C. (Messil Mandcr Bros., Wolverhampton). 

General Considerations for the Examination of Paint Vehicles 

The vehicle or Ikiuid portion of a paint may contain drying oils, 
turpentine, mineral oil distirtates, alcohob, ketones, volatile esters, resin 
and cellulose varnishes, oil varnishes, driers, and even water. In the 
examination of a paint the uniformity of the sample must be assured, 
and the volume as well as the weight must be determined. The 
separation of the vehicle from the pigment, although apparently 
simple, requires careful consideiation, and in the extraction of the 
vehicle the choice of solvents is of importance. When 90 per cent, 
benzene is not available, petroleum spirit (boiling-point below 60°) 
may be used, but if varnish resins are present it cannot be employed, 
because they are intompletely soluble in this solvent. If the paint 
contains water, acetone is a suitable solvent. 

Mixtures of 50 per cent, benzene, 30 per cent wood alcohol, and 
^0 per cent refined acetonei or of 10 vols. methylated ether, 6 vols. 
benzene, 4 vols. methyl alcohol, and i vol. of acetone, finishing the 
extraction with methylated ether, have been found to be convenient 
solvents. The extraction of the vehicle may be carried out in an 
Ajjparatus of tlje Soxhlet pattern, and the residue (pigment) dried and 
weigheif; but (ihis process is rather slow and does not •give alw^aysi 
* satisfactory results. If the viscosity \)f the paint is reduced by 
warming it for twenty-four hbufs in a tall cylinder, the dil vehicle 
may frequenjjjy be reijiovcd. * The most ’convenient method is to 
centrifuge the *paint at 70° in tightly corked cylinders, wherebj^a 
rapid separalipn o? the pigment is obtained. * "Filial ^entrifugin|[ 
with petroleum spirit will remrfve the l^st traces oriin^ed (jil and 
leave the pigmenj dry. ft is |idvisabl? to avoid oxidation during 
the process, afid instead of petrolSuip spirit, methylated ethhr may be 
employed. It must be remembered* that no method of .ejftractttm 
will give Iccuratte results,# because thejaet traces of *011 cannot 
remojied owing fp thf fo||mation of soaps by th(?imet9.11ip oxides of 
the pigment ' 
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There are some pigments wlfiich by their low^ specific gravity, 
colloidal nature or partial solubility cannot be completely separated 
from oil by settling, extraction or centrifuging, lampblack and 
other forms of carbon, zinc oxide, and Prussian blue.« When 
colloidal pigments, eg, zinc oxide, are present in a paint they may 
be separated by adding to the paint three or^four times its* vojume 
of fuller^s earth, diluting the mixture 'with light .'petroleum and 
centrifuging, whereby the fuller^s earth carried down^ the colloidal 
pigments. Where lampblack and Prussian blue are present in paste 
colours the Prussian blue can be determined by the Kjeldhal- 
Gunning method ; the nitrogen found is multiplied by 4*4 to ^ive the 
amount of Prussian blue. I"or the determination of lamptlack, a 
portion of the paint may be boiled with excess of alcoholic motash 
until all the oil is saponified. The mixture is decanted thri^ugh a 
filter and washed first with •hot alcohoV and then .with hot ^water, 
whereby a good separation of the vehicle from the pigment is afforded. 
By this method any Prussian blue present is partially' destroyed and 
part of its iion content remains with the black pigment on the paper.^ 
Fox and Bowles^ recommend the use of petroleum spirit boiling 
below 60'. Ten to fifteen g. of the paint are extracted with about 
100 c.c. of the spirit. Generally four extractions are sufficient, and 
the pigment is left in such a condition that it can readily be broken 
up into a fine powder by means of a glass rod. 

When the paint contains varnish gums, the extraction with petroleum 
spirit is not complete, and it is advisable to use the mixture recommended 
in the United States Government Specification for paints, viz., ethyl 
ether 10 vols., benzene 6 vols , methyl alcqhol 4 vols , and acetone i vol/ 
A rapid method of estimation of th/s vehicle from the settled pi'int 
in the can may be carried out by heating a weighed portion in a tared 
flask fitted with a Liebig’s condenser. Heating to 180" will drive off 
nearly all the volatile constituents. A portion of th^ vesidue iiiithQ 
fflask, which ♦consists e^f oils, driers, and resins may be AransfciTtid to a 
crucible and ignited, while the* residue may be weighed and analysed 
fof drierf. Another portion of tire* briginal vehicle removed from 
the paint may be evaporUed in a sfream of carbon ^ioxide or in 
» v^ctio below 150°, whereby the oihis left in the resid’ue. 

• A more general 'mefood is to remove the volatile ^component by 
distillation^ witSi steam. The Uistiljate is received in a suitable 
separating funnel and the a<queous 'layer ds run off from the bottom 
as the di!>tillation proceeds. The uqueous layer should be kept to 
be examined fqr thinneVs sdlutfie in Wale/l Wherl thinners contain 
HiydrGcarbons boiling overroo'',*prolcnged distillation ^will be required 

• • • • • t p 

^ 1 W, Sc<^tt, Standard Methods C hemical A nalyUs^ 191 7, p. 6l I. ^ 

^ Analpts^o^ PtgmenU an^ Vafmskesy 1 92 7, p. 129. 
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to recover all tlfe volatile matter. 'Holley uses steam distillation at 
i3o‘'-i35'' and adds about 75 g. of paraffin wax (m.p. i25''-yo° R) 
to tbfe flask in order to keep the mass in a freely fluid condition 
during the entire volatilisation of the thinner. The quantity of volatile 
thinners in a mixed paint may range from 3 or 4 per cent in a simple 
linseed oil paint to 30 6r 40 per cent in a gloss paint 

Colophony liue to resinate driers can be detected in the petroleum 
spirit extract of the jfaint by the^Liebermann-Storch reaction, but its 
presence is not certain evidence of the use of metallic resinates. 
The reaction is carried out by dissojving the varnish in ether, 
extracting >jfith soda, acidifying the soda solution and removing the 
separated rosin acids with ether. Acetic anhydride is added and the 
solution is poured into a flat basin. On the addition of a drop or two 
of sulphuric acid (i : i) a violet colour indicates rosin. If much resin 
is present the ^colour radiaytes from th% point where the acid enters. 
The reaction is also given by ester gums, which invariably contain a 
small proportion of uncombined rosin. Wolffs recommends that the 
ether solution of the rosin be evaporated and the residue dissolved in 
ten times its bulk of petroleum spirit. Three or four drops of this 
solution are used for the sulphuric acid test. The addition of ammonia 
to the rest of the petroleum spirit solution will cause gelatinisation if 
rosin is present. The approximate percentage of rosin can be deter- 
mined by extraction with 97 per cent, alcohol. 

A rapid method, of estimation of oil in paint, if rosin is absent 
and the amount of the thinners is small, may be carried out as 
follows : — 25 g. of the paste paint is saponified on a water-bath 
•for half an hour with 15 c<;. of sodium hydroxide (100 g. in 300 c.c, 
of*water) and 75 cc of alcohol. After addition of 100 c.c. of water, 
boiling with excess of sulphuric acid (8 to 10 c.c, sp. gr. 1-2) and 
removal of the solid pigment, the liberated oil acids are extracted 
^wit^ 50 c.c. methyl^ated ether and with water, and after washing the 
efherejai solutfgn and drying it over anhydrous^ sodium sulphate thci 
oil acids can be examined after evaporation of the ether. ' 

Determination of Water in Pfikits, For the separate estimatiorf of 
water present in a paint, the method recommended in the British 
Standard Sf^erifications for readji mixed linseed oil paints issued by < 
the British Engineering Standards Association •nray, be ^followed 

One hundred g. of paint shall Ijcf v^eigfied ip the flask (see Fig^ 5 i), ^00 c.c, 
of petroleum spirit ^boiling bAweei^So’ and, 100 ) and 1 c.c.^ of dry amyl or 
•ethyl acetate added, and the contents 'of J:he flask wefl mixed. Petibleum spirit 

• m _ > • • ^ 

^ f So€» C^m, Ind>^ 1914, 33, 3^* 

2 Afestracted by of *he Standards Association, from B.S. 

specifijjation No. 261, copies ol*which can be obtained from# the S#c;re|ar|s, 28 Victoria 

Street, S.W. i, price 28. 2d. post free, • * ^ • 
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shall be poured into the receiver up to th8 level of the side tube# After connecting 
the flask to the apparatus, the oil bath, which should contain sufficient heavy 
mineral* oil to cover the flaSk nearly to the neck, shall be heated to i|ach a 
temperature as to keep the contents of the flask boiling Wiskly. Distillation 
shall be contmued until no further water collects in the receiver. At the 



conclusion o4 the determination ,iny watc(h)Jill flinging to the condenser tube 
can be releasee^ and caused to fill into Jhe receiver by pushing a wire or a 
small camcf hair brush attached to a gjass* rod through the condensef tube.from* 
thd top, any condensed water on \hc sides of the receiver shall be dislodged 
lifter (ksmantlin^the top part dS^the appar«!iusf i r * # ^ # 

- iVe?/tf.-^t^^^^mport5nt that the receiver and condenger sljpuld be thorqpghly 
i^lean. They should, therefore, be treated with a mixed solution of potassium 
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dichromate and*s«lphunc acid or othef suitable cleansing agent prior to the 
determination* When the apparatus is in constant use it is usually sufficient 
to cl^Ui it after every third estimation. * * 

m ^ • 

The^ most important media for oil paints and egamels are a 
vegetable drying oil and turpentine or turpentine substitute with or 
witljout a resin. The chief components of oil varnishes are a vegetable 
drying oil ancNa thinner, which ^may be turpentine or a turpentine 
substitute, together with a resin or, in black enamels, a bitumen or 
carbon black. In distempers the pigment is held by a size binder, 
or in water paints by a binder composed of gelatin or casein forming 
a stable emlilsion in water with a drying oil. 

In spirit varnishes the resin or the solid component of the film, 
whicK may be a soluble cellulose, is dissolved in a variety of vehicles 
of which ethyl alc^ohol is generally the mam component thus giving 
the name spirk varnish to this special tlass. For the classification of 
varnishes reference may be made to text-books dealing with the 
“ibject.^ 

The most important component of paints and varnishes generally 
is a drying oil of which linseed and China wood oils are the most 
popular. Other drying oils, such as walnut, poppy, hemp, and niger, 
perilla and menhaden are used only for special pui poses; the two first 
are used in artists’ colours and are not met with in commercial paints 
and varnishes. 


The Examination of Drying Oils. 


The oil extracted from the paint may contain varnish resins, unless 
th# paint is only an oil pamt. If a special examination of the oil 
medium is required it is preferable to use the fatty acids obtained 
from the oil since they can be procured reasonably free from varnish 


resins. Fox^ and Bowles- recommend the following procedure: — 
* go^ g. ^f the •^aint* is stirred in a beaker with^zgo cc. of petroleum 
spirit and allowed ffo settle. The supernatant liquid is decanted*into 
a flask and further extractions .^re made untiil all soluble matter Jias 
been removed. If the first extraction is jmade with a large excess of 
petroleum sjlirit much •of the varnish resin dissolved will separate out 
on cooling the solution with ice.^ The petrqleuip spirit is distilled^fi 
on a water bath m a curi^nj of ,dry carbon dioj^de^or nitrogen. 
Fifteen c.c. of a strong salutiofvof sodium hydroxide (sf^ gr. f-g) and 


f ^ F. Se$lign)iin u. E. Zieke, Handbuc^Hei Lack- und rt^tstnduslrte^ 3te ^ullage, 1922 
Ch. Coffignier, Les Vegnts^ 1921 jlAf H* SdXixS, JTecfMology^f Patnt and Vafntsh^i^i^ j 4 ^. S. 
Morrell, Varnishes and their Components^ 1023 ; 1^^ Sproxton, Cellulose *^Estei^ Varnishes^ 192^ 
T. H. JSarryfA. A. S)ftimmon 4 , an(#R. MWll, and Synthetic Rhins, 1926 ; 7 . J. Foj 

and T«H. Bowles, Tfe^Anal^sis of Pigments, Paints and Varnishes, F927 ; S^f. 

£namls and Lacquers] 1926, * • • ^ ^ * 
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75 C.C. of methylated spirit are adSed to the residue and the mixture 
is heated for one hour under a reflux condenser until saponification is 
complete. The bulk of ttie alcohol is distilled off in a current an 
inert gas ; water is added, and the distillation continued until no more 
volatile thinners pass over. The contents of the flask are diluted with 
distilled water and transferred to a separating ftinnel. If adulteration 
with mineral oil is suspected, it must be 'extracted fro^m the soap at 
this stage with petroleum spirit, ancf the oily lajer separated, washed 
with water and evaporated in a tared flask or beaker and weighed. 
The soap solution to which tjhe washings from petroleum ether have 
been added is acidified with hydrochloric acid and 50 c c. (?f petroleum 
spirit added. The petroleum spirit solution may contain su^ended 
matter consisting of oxidation products of the fatty acids and 'resin, 
as well as insoluble varnish products. The filtered and water-Vashed 
petroleum solution of the fatty acids is c\japorated do)vn in a current 
of carbon dioxide. The fatty acids thus obtained will be sufficiently 
pure for the identification tests for the drying oils described below, 
unless appreciable quantities of rosin are present in the paint. In 
this case the separation of the rosin from the fatty acids must be 
effected by Twitchell’s method, which is described under the analysis 
of varnishes (p 604) 

In the examination of a drying oil it may be advisable to 
determine (i) specific gravity; (2) iodine value; (3) acid value; (4) 
saponification value; (5) unsaponifiable matter; (< 5 ) moisture; (7) the 
percentage of oxidised acids , (8) the refractive index ; (9) the ether- 
insoluble bromide value of the oil or of its corresponding acid; (10) 
the drying time of the oil against a standa;‘d linseed oil, (1 1) mucilage ;* 
(12) the colour; (13) the viscosity. No^s i, 2, 3, 4, 9, 10, and ii ^^re 
generally essential. The deteimination of the refractive index of 
China wood oil (1 5180 at 20"") is of importance. 

Specific Gravity, {Cfi Vol. I., pp. 116-134) Either a specific 
gravity bottle or a Sprengel tube may be used, hut gener€Cily tfte 
Weitphal balance is preferred, especially when considerable quantities 
of Vhe oih under examination are awil'cible and it is not too viscous. 
With the exception of China wood oil' (sp. gr. 0940 at IS°*5), all the 
r drying oils have specific gravities , lying between 0*925 and 0*933. 
Bodied oils, whifh hr ve ‘been produced by the artion of heat, have 
specific gravities increasing with viscc^sity up to 0*9912 (15*' 5). 

Iodine Value, The most importaht ^mefhods for the determination 
of this value are the Hubf^ methbd with modiheations , proposed. 
Wailer, 2 ^nd Wijs,^ and Hanu£.^ < 

^ y, Soc, Chem, i834,^p. 6^1 ' ' ^ * 

15, 56. 3 / M ,, 1900,^5, 33. 

^ Z. Unieft Nah, u, Gemsjsm*^ IQOI* 
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The Hiibl mtthod requires the Tollowing solutions : — (a) an iodine 
solution, which is prepared by dissolving 25 g. of iodine in ^00 cx, 
ofps^per cent alcohol, is mixed with 30 g/of mercuric chloride dis- 
solved i« 500 cx. of 95 per cent, alcohol. These solutions should be 
mixed as required and the mixture be allowed to stand twenty-four 
houp before use ; (^) II standard solution of sodium thiosulphate and 
a solution of iV>tassium iocMde free from iodate. The solvent for the 
oil is generally chloi^form or carbon tetrachloride, which should be 
pure. Ether must not be used, but benzene (free from thiophene) or 
glacial acetic acid may be employed. 

The determination of the iodine value is carried out as follows : 
0'I5 to o-i8 g. drying oil (0-2 to 0*3 g. semi-drying oil) is weighed 
accurately into a bottle of 500-800 c.c. capacity, provided with a well- 
ground stopper. The oil is dissolved in 10 c.c. chloroform or carbon 
tetrachloride, £^nd*25 c.c. ipdine solution run in from a pipette. In 
order to prevent loss of iodine by volatilisation it is advisable to 
moisten the stopper with potassium iodide solution. The solvent and 
the iodine solution must give a clear mixture, otherwise more solvent 
must be added. The mixture must exhibit a dark brown colour after 
twelve to eighteen hours in the case of drying oils, otherwise 25 c.c. 
more of the iodine solution must be added, and the mixture well 
shaken and diluted with 400 c.c. water. If a red precipitate of mercuric 
iodide appears, more potassium iodide must be added. Standard 
thiosulphate is run. in until both water and solvent layers are only 
slightly coloured ; starch solution is added, and the titration finished 
in the usual manner. Immediately before or after the titration with 
•thiosulphate, 25 c.c. of the original iodine mercuric chloride solution is 
st<lndardised in the same martner so as to form a control experiment. 
The difference between the amounts of iodine found, calculated in 
terms of iodine to units per cent, of the sample, will give the iodine 
.va^ie. . 

* Thj*schemQ of the Hubl reaction may be expressed as.follows : — • 

HgCl, hjj - HgClI + ICl 
HgClI (- 1/ llgl, + p. 

The rgactio^, ‘which is incomplel^ and reversible, is best represef^d < 
by the .equations given above In the presence ©fnv^er the following 
reactions may occur simultaneously 

, ICl+’tl,0 i.lICl + HIO ^ 

clffo =-* HIOj+2n^) + 4l 

Hf0, + 4l + 5HCf ■= 5l6 + 3H,0. 

, •• ,'•**•*. 

Of the reaction products. Hip anW will react in the presence dof 

hvdmrhlnrir acid to crive lorUne. 
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In Waller’s modification the hydrochloric acid used inhibits the ^ 
reaction represented by the first of the second series of equations and 
prevents the formation ol hypoiodous acid, which would oxidi^ the 
alcohol and so disturb the equilibrium. 

In Wijs’s* modification ^ the iodine solution consists of iodine tri- 
chloride and iodine in the proportions to giv<S iodine monochloride, 
which are dissolved separately in glacial acetic acid,/ or the iodine 
monochloride is prepared by passing 'dry chlorine? into iodine dissolved 
in good glacial acetic acid. The Wijs solution is allowed to react 
with the drying oil in the sar^e m'anner as the Ilubl, but for a much 
shorter time ; half an hour to six hours may be required according 
to the unsaturation of the glyceride \ 

If acetic acid reacts with the oil under examination the •Hubl 
solution must be used. The Ilanus modification contains! iodine 
bromide and is considered by, American jihemists' to ^be superior to 
the Wijs solution, and its use is recommended in American standard 
specifications of linseed oil. c 

The principle of the Wijs or Hanus method is simple : — 


\ / \ 

ICl 4- c - c — ^ c 
(l^r) / / I 

I 


/ 

C 

l\ 

Cl(Br) 


Sundberg and Lunclborg^ state that the Hanus^method gives results 
with fats which agree closely with those found by the Hubl method; 
Wijs’s method gives higher results. In linoleic acid (linoleic acid is 
the name given to a mixture of oleic, linolic, and linolinic acids, 
obtained from linseed oil) the Hubl value lies nearer to the theoretical 
than the Wijs value. ^ Marshall proposes the use of carbon tetra- 
chloride, and Aschmann prepares a solution of iodine trichloride in 
water by passing chlorine into potassium iodide solution until the 
iodine liberated is d^psolved , after filtering from p9lassiuni!*»io(irfLe' 
the •solution is allowed to rqact with a chloroform solution of the 
oil* or fa^ for twenty-four hours. The values obtained lie between 
those obtained with the^ Wij<j and ♦ Hubl solution. Kelber and 
Rheinheimer^ and P. Gillot^* prefer Wijs’s /nethod ,pd.ause of the 
gjfeatcr stability gf,the; solution and the rapi(;Jity of the process. 
MacLean afid iFhomas® have investiga'ted the behaviour of sterols 
{eg, cholestterol) with the IRibl andv Wijs^« reagents ; with sterols the 
Hubl soluiiorf gave values ^pproxioftating to thosb required by thq, 

^ e I , • . . # . • 

» P. i, Fryei«and F. E Weston, Technical Handbook of Oils, Fats, and Waves, 2, oa. 

• 2 338 . ‘ ' . * # ^ , 

! ^900. 19, 213. * Ibid, 37, 34A. 

Ann, r ijstf,, 1925^ 18, 335. « Btockm.f, igar, 15, 319!^ 
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numbei: of double bonds believed to^xist in the sterol molecule. With 
the Wijs reagent the results may be twice as high as those obtained 
with Ihe Hubl solution, and vary greatly with the temperature, time 
of contact, and proportion of the reacting substances. The difference 
in behaviour of the two reagents appears when they react with the 
sterjls ^not with reduRed sterols) and with the resin ic acids, possibly 
also with the nSiphthenic acids, though in the latter definite substances 
of known consjitution^have not been investigated. The effect appears 
to be due to the influence of the glacial acetic used in the solution 
as solvent for the iodine trichloride, jind affoids evidence that a 
considerableii amount of substitution takes place. The substitution 
effect is particularly noticeable when a condensed ring-nucleus 
contafhing one double bond reacts with Wijs's solution ; thus abietic 
acid, containing two double bonds, and dihydroabietic acid, containing 
one double bqpd,*give idtntical values with the Wijs solution, so 
that substitution must be much greater in the reduced derivative. 
Anthracene reacts similarly with Hubl and Wijs's solutions, giving high 
iodine values in both cases, but phenanthrene and retene (isopropyl- 
dimethylphenanthrene) are hardly affected by Hubrs solution, but absorb 
considerable amounts of iodine from Wijs’s reagent. For drying oils 
the Wijs method may be recommended as most convenient, but in 
dealing with ring compounds the Hubl method is peihaps safer. Wijs’s 
method gives accurate results with China wood oil, but two units lower 
than the Hubl method.^ 

The determination by WijsV method is carried out as follows : — 

O i6 to o i8 g. of the oil is used for the determination with 25 cc. of 
•the Wijs solution If a larger quantity of oil is taken the quantity 
of Solution must be increased., because it is essential that an excess of 
iodine greater than that which has been absorbed shall be left at the 
end of the reaction. Ten cc. of pure carbon tetrachloride is added 
#to the bottle mid wl)en the oil is dissolved 25 c c of the Wijs’s solutiqn 
is^introc#uced. *.The^stopper of the bottle is moistened with potassium 
iodide solution and placed fiimly in position. The bottle is pllced 
in the dark for about three (Iflarters of an Aour at 60V0? F. The < 
stopper and the neck of the bbttle are waished down with 15 cc. of a 
10 per cent.^ solution of potassium iodide, 100 cc of distilled water* 
added, ^and the excess of iodine titrated with. sodium tUfa- 

sulphate solufion. Towards* tlys end of the titratio» adbut 2 c.c. of "" 
starch solution is added, &nd^tHe conte*nts of the bottle^are Shaken 
•vigorously after e*ach addition if the tliiosulpAiate soliltion, which is 
added until the *contents? eff the bottle* are* colourless. Thg; carbon 
tetrachlorfde u^d musj no) react with Wijsis solution and the* potassiuaa 
iodide must be ftee from iodjites. ^ 

1 11 A Gardner, Proc.^^ef, Soc. Jtsf, 192 I 22, T., 3(>7« • 
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The Wijs solution is made by either of the following alternative 
methods : — 

• / . . V 

Method I. Eight g. of iodine tru'hloride shall be dissok/cd in approximately 

400 c.c. of glacjial acetic acid. 8*7 g. of iodine shall be dissolved in a further 
quantity of 450 c.c. of glacial acetic acid, the mixture being gently heated, if 
necessary, to effect solution. 'Fhe two solutions shall then be mixed ahd Baade 
up to 1000 c.c. with glacial acetic acid, ^ 

Method 2. i2‘7 g. of iodine shall be dissolved in* i litre pi glacial acetic 

acid, the mixture being gently heated, if necessary, to effect solution. 'Vhe solution 
so obtained shall be cooled and ^he halogen content determined I)y titption of 
TO c.c. with standard sodium thiosulphate solution. A stream of- dry^chlorine 
shall then be passed into the iodine solution until the halogen \ content 
as determined by subsequent titration has been doubled. (This is denoted 
by a change in colour of the solution from dark blown to (dear orange.) It is 
of importance to warm the Wjjs solution prepr^ivd by e\ther of the methods 
for twenty minutes at 100 in order to stabilise it. 

During the preparation of the solutions, ac'Cess of w.iter .vapour shall be 
prevented. The acetic acid used shall contain not less than 99 per cent, of 
acetic acid, and a permanent pink coloration shall be producc'd when 0*2 c.c. of 
JV/io potassium permanganate solution is added to 5 c.c. of the acid. 

Add Value. The acid value may be expressed as the number 
of milligrams of potassium hydroxide rccjuired to neutrali.se i g. of oil. 
It is also stated as a percentage of free oleic acid in the oil, this acid 
being selected as a ty[)ical fatty acid occurring in -vegetable oils. The 
acid value of a drying oil is a variable, depending on the quality of 
the sample and on the mode of extraction of the oil from the seed. 
Rancidity and oxidation both incrcasp the acid value. For the' 
determination of the acid value a mixtyre of 50 per cent, alcohol Snd 
benzene is used as the medium for the oil. It has been found that 
such a mixture gives a more reliable result than when alcohol alone 
is^ used. The acid values of some common oils ary »as follows^: — 
J^inseed oil, j-2-5 ; China wood oil, 2-2-5 J Soya oil^ o-i-r-25. 

i^aponificatio}i Value. Theigross saponification or Kottstorfer value 
represent^ the amount bf potassium^ hydroxide required to neutralise 
the free and combined acid constituents* of a fat or oil, and is expressed 
, in ^erms of parts of potassium bydfoxide per iooo parts of the fat or 
oiTt* The saponification • value as determined by the ^usual method 
includes the*’alkali required for the neutralisation of any free acid in 
the oil; and^he acidity must be subtracted .from the Kottstorfer value 
to give the- tru’e saponi£cation value. ^ ^ • 

^The/Ietermination is*carrled out asfolIo>Vs: — 1-5-2 g. of the sample 
weighed* ihtq a flask of 1.50-26O c.q c^paqity, and 35, c.c. ctl approxi- 
mately NI2 alcoholic solutioh*c>f pbtassium hydrox|Ue is added. A 
long cooling tube is attached to^ the flask, wliich is then heated on a 
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boiling water ht^th for half an hoar and occasionally shaken. It is 
then ailowed to cool, phenolphthalein added, and the excess alkali 
titralfcd back with Njz hydrochloric acid (hot sulphuric). A* blank 
test mugt be carried out at the same time. 

The values for a few principal drying oils are as folloVs : — Linseed 
oil, 192^5 ; China wood oil, 193; Perilla oil, 189-6; Soya oil, 193; Para 
rubSer-seed oiI»^2o6; Poppy%-seed oil, 195. 

Unsaponifiable JShMter, The ifnsaponifiable matter in fats and oils 
includes all substances which are insoluble in water, but soluble in 
the fat solvents specified below aftt?r alkali saponification of the fats 
and oils. 1/ is taken to include alcohols (other than glycerine), e.g. 
sitosterol (phytosterol) in vegetable oils and cholesterol in animal oils 
and fats. Certain fish oils from the shark and dogfish families contain 
unsaponifiable hydrocarbons (squalene, spinacene, etc.) Some waxes 
yield insoluble alccTliols on ^t'eatment wjth alkalis. The unsaponifiable 
matter generally remains dissolved in the soap solution after saponifica- 
tion. The principle of the method of estimation depends on the 
solubility of the unsaponifiable matter in ether or in petroleum ether, 
whereas the soaps are practically insoluble, whether they arc in solution 
or in the dry state. It is better to use ether instead of petroleum ether, 
and to get rid of any soap, which may have been taken up into the 
ether by wax alcohols or hydrocarbons, by treatment with a little 
water and re-extraction with ether. For the experimental details 
reference may be made to the Report of the Committee of Analysts 
on the standard methods of analysis of seeds, nuts and kernels, fats, 
oils, and fatty residues (Ministry of Food, Oils and Fats Branch^); 
• also to Boemer’s method.- The amount of unsaponifiable matter in 
natural oils and fats is very variable, ))ut in genuine samples it is 
quite small, eg. linseed oil, raw or refined, and soya oil (crude or 
edible), each containing i per cent. 

^In the Biiitish Standard Specification for Linseed Oil (No. 2^3, 
1^26), ‘liie oil \yhen tested in the following maj;iner shal] not contain 
more than per cent, of unsaponifiable matter — • 

^ • 

‘‘ Five g. of the oil shall be lioiled for one^ hour under a reflux condenser 
with 50 c.c. e> alcohol co>itaining ’2 g. of sodium hydroxide (NaOH) in solution. 

“The resulting soap solution .shah* then be transferred to a separating fu^el 
with abhut 100 t.c^ of Iiot distilled water and, after cooling,* extracted successively 
with 100 C.C., c.c. and 70 <^.c., redistille^ ether. 


1 1920, 45,«78. • 

Ubbelojide, Haudhuch der OeU u. 261, ^ » 

Abstracted by*Dermissidh orthe Ei^gyiciedKg Standards ASsocialion, KS. 

speculation No. 243, ffficia^ copies which ^can be obtained fioJH the %croJLafy, 28 Victoria 
Street, S.W. i, price 2s. 2d., post free.® 
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^^The ethereal extracts shall be mi 3 fed and washed as folljpws: — 

{a^ Three times with successive quantities of lo c.c. of a solution containing 
I g NaOH in a mixture of 90 c.c. of water and^ 10 c.c. alcoh&l, and 
then f 

(/;) Five (imes with successive quantities of 10 c.c. distilled water. 

^^The etheieal solution shall be evaporated in a tyred flask on a wgter bath. 
The flask and residue shall be heated in a hot/ water oven until the iesi(fue is 
free from water, and then shall be allowed to cool and vx'ighed. 

‘‘ In the event of the amount of un saponifiable mattei so determined exceeding 
the specified maximum, it shall be again boiled foi half an hour with J g. of 
sodium hydi oxide (NaOII) dissolUd in 10 c.c. of alcohol. 

The unsaponifiable matter shall be extracted fiom the alkalme |iquid in a 
similai manner to that desciibed above, using pioportionally smalleA amounts 
of ether and watci. \ 

^‘The ethereal solution shall be evaporated and the les^^iue reweighed. 

Note — ^Thc accuiacy of the cMimation is Ak leased if a counterpoise, con- 
sisting of a flask of similai si/e and shape, and made ol the same glass, is used 
in determining the weight of the flask containing the unsaponifiable matter.*’ 

Motstnic The amount of moisture contained in a drying oil is 
variable, depending on its age and period of tanking. A good linseed 
oil should not contain more than o 25 per cent of moisture. The 
method of determination of the moistuie is given in the Report of the 
Committee of Analysts mentioned on p 573 A current of hydrogen 
is passed over asbestos saturated with the oiKunder examination, 
and the monsture is absorbed by concentrated sulphuric acid. In the 
opinion of the Committee this method is applicable to all fats and 
oils, to readily oxidisablc oils like linseed oil, and to oils containing* 
high percentages of fiec fatty acids of low molecular weight. It! is 
doubtful whether the whole of the moisture is removed by the above 
method when the oil contains much mucilage. In fats and oils, which 
are free from uncombined fatty acids and arc not readily oxidisablc,^ 
^he ordinary, methods, of drying on sand in a water 9ven oft^n 
be fised. • 

^^O.xidisfd Fiittj' Atidsf Drying oils ‘become viscous on exposure to 
air owing to the formation of, oxidised glycerides, and blown oils 
^conteiin the same oxidation products., Their fofmationH'S 'accompanied 
by^ci reduction in the. iodine value of the original ^ik The estimation 
of the oxidisfed gJyceridcs produced onj the drying of paint or varnish 
is of irftportlknce. Fahrion^ estimates»'tHe a/nount of oxidised acids in 
the followkig Inanner >t 4 to' 5 g. o\ the sample \s saponified with, 
alcoholic^ potash ; the alcohol m evaporated ^ off, the soap is dissolved in 
iK't wgLter,* ttapsfcrred to separatbg /unijiel and (iecomp:)sed with 
hy 4 rochloric acid After cooling; th 6 liqujd is shakei^ with petroleum 

! Z. angtw. Chem., 1898 ^ 78 ^*; I90^)‘79 IW, 1199- 
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ether (boiling-pcynt below 8o°) ancJ is allowed to stand until it has 
completely separated into two layers. The insoluble oxidised fatty 
acids ^will be found to adhere to the sides of the funnel or to form 
a sedime^it in the petroleum ether layer. The aqueous layer is drawn 
off, the petroleum ether removed, if necessary, through* a filter, and 
the oxidised acids washed with more petroleum ether to remove 
adhering fatty '^cids. If th»i amount of oxidised fatty acids is large, 
it is advisable to diss^^lve them in*alkali, decompose the resulting soap 
with hydrochloric acid and shake out again with petroleum ether to 
remove any soluble fatty acids. The oxidised acids aic then dissolved 
in warm alcjhol or ether, the solution evaporated in a tared dish, and 
the residue weighed. Linseed oil blown for ten hours at i2o" will 
contain 7 i per cent, oxidised ackL. Linseed oil blown with oxygen 
until its iodine value is 58 8 contains 42-82 per cent, oxidised acids. 
G, S. Petroff and A. T. D^piilowitsch^ „state that weakly oxidised oils 
may give conect results with P'ahrion’s method, but highly oxidised 
oils give results which arc too high, and to obtain coirect results 
solution of the oxidised acids in alcohol must precede the petroleum 
ether extraction. 

Refractive Indices of Dtying Oih, {if Vol, I , pp. 188-198.) The 
ease with which the refractive index can be determined makes the 
refractometer of impoitancc in the examination of drying oils and 
varnish thinners. The refractive index docs not give a perfectly 
reliable means of detecting adulteration, but in conjunction with 
other tests it serves to indicate \Ahcthei a sample is genuine or not. 
For the use of the refractometer in the analysis of oils and fats, 
reference must be made to a paper by J. N. Goldsmith.- The refractive 
indices of oils decrease wdth rise in temperature, and the mean 
temperature correction per degree centigrade is o 00036 (A. F. Joseph).'^ 
It is customary to determine the refractive indices of fluid drying oils 
at 20^ The trefi active index of Indian linseed oil at 20° is 1-4710. 

♦ 1. g • * 

llie di^rence*,in the refractive indices of raw, oil and J^oilcd oil i^ 
comparatively small. Polymerisation of linseed oil is accompailied 
by a marked rise in the refraCIfive index. Linseed oil thickened* at 
260-280^ in carbon dioxide (sp gr 0969) has a refractive index 1-49. 
Oxidation ofthg oil is a^companiec^by a rise in the refractive index. The 
refractiye index of ^'hina wood oil (i $172) isiconsiderably higher tn 4 n 
that of linseed oil, and this serves to detect adulteratic^i as* the value of 
the refractive index is low^^retl.^ The difference between^ the Hgures 
/or Chilian wood dil and soya <J !4 at 40*" beir^g o 040^, the addition 
of Id per cent, or even f per*cent.* fcoya oih can be detectCG^ More 

• • * * * 

^ /snieutKh, hid^y ^ 9 ^ 5 ^ 45 * 

2 ^ Oil and i'oL Chenu ^i^soc , 1921 , 4 , $?.» 

^ / S(?c*CA^9if/nd.j1t92gj 39, 66n 
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importance is attached in England to the deter/niination of the 
refractive index of China wood oil as a test of purity than to the 
test oV coagulation by heat. Instead of measuring the reflective 
indices of oils it is sometimes preferable to deterAiine the jrefractive 
indices of tlfe corresponding acids.^ 

In the examination of varnish thinners th»j refractometer of use 
in analysing a large number of binary /solvent mixtures ; thu^ the 
percentage of white spirit in a riiixture of <.urpentine and white 
spirit can be determined with fair accuracy from the value of the 
refractive index, because the relationship is expressed by a linear 
graph. It must be pointeef' out that the method is i^nvalid when 
benzene is a component of the white spirit. \ 

Hexabtoviidc Test for Linsad and Other Oils. When treated. under 
proper conditions with bromine, the unsaturated oils or acids absorb 
two atoms of the halogen for e^ch unsaturqted linkdge. The solubility 
of the bromo-derivatives in ether decreases with increased bromine 
content, so that the hexa- and octobromides are only^very sparingly 
soluble, whereas the di- and tetrabromo-derivati\es are soluble. The 
fatty acids are generally used, because the glyceryl esters do not give 
concordant results. Many investigators have examined the conditions 
under which bromine is absorbed by unsaturated oils and acids. 
Ilehner and MitchelT*^ ha\c investigated the combination with 
glycerides, Eibner*^ and Muggcnthaler ^ the compounds formed with 
fatty acids. Eibner’s method has been slightly modified by G. W. 
Thompson.' Bailey and Baldsiefcn*' have examined the published 
methods for the hexabromide value, and find that the results obtained 
were not concordant. They recommend precautions in the preparation 
of the fatty acids and of the hexabromide, and suggest the following 
method : — 

(a) Preparation of Fatty Acids, Approximately 50 g. of oil is 
weighed into a 2 litre round-bottomed flask, and 4Q. c.c. of caustic^ 
^soda solutiop (sp. gr. ,1-4) and 40 c.c. of alcohol adde^I Thomixtilre 
is heated on a steam-bath for about half an hour. One litre of hot 4 
distilled ^ater is addefi and the soa^jy solution boiled, either over a 
free flame or on a steam-bath,, to remove the alcohol, a stream of 
carbon dioxide being passed thr6ugfj the apparatus all tbt while. The 
s^tion is then^cookd Rightly and acidified witlj dilute hydrochloric 
acid (i : i). •Th^ mixture is waruied •nnfil the fatty acitls form a clear 
layer, the cirrent of carbon dioxide behlg.^:ontinucd. The fatty acids 

• « •' '41 

^ tor details of the dcteruiinaUon of the diipeision and c^^pei^^ivc pow<.i of an oil : 

n for h , aj^d^D liiiCb), see Fryer and Weston s Othj J ats, and Waxes^ Vol. If,, p. 58. 

t '' 1912, Di^sei l^^2» Augsburg, 

^ ® Proc. Sor, 7 esl. Mah,, 1917, 15, ** /tng, fW., 1920, 12 , IIOO. ^ 
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are sep^irated fro'H the aqueous layei in a separating funnel and washed 
thoroughly with hot distilled water until the washings are neutral to 
meth/l orange. The warm fatty acids are freed from water by 'centri- 
fuging, and kept in a well-stoppered bottle. 

(b) Preparation of the Hexabroviidcs. One g. of fdtty acids is 
acci^rately weighed into a weighed centrifuge tube (i in. diameter 
and 5 In. long), and dissolved in 25 c.c. of specially prepared ether 
(Methylated ether is washed with 10 per cent, of its volume of ice- 
cold distilled water. After separating the water and repeating the 
washing three times, the washed ether is dried over fused calcium 
chloride anoi the drying completed by sodium. After distillation the 
ether is treated with an excess of finely powdered hexabromide of 
the fatty acids of linseed oil previously prepared The ether solution, 
kept at lca.st for three hours at o , is decanted into a dry bottle.) 

Bromine sol^ution (5 c.c. bromine in 75 c.c. glacial acetic acid made 
up just before use) is added very slowly to the fatty acids dissolved 
in ether until* a deep red colour is produced. The tube is then 
allowed to stand in an ice-chest overnight. The solution is separated 
from the precipitate by centrifuging, and the precipitate repeatedly 
washed with the specially pre[)cucd ether and the last traces of the 
ether removed in a vacuum. The precipitate is then w^eighed. 

Steele and Washburn ’ have slightly modified the method by the 
introduction of special precautions, and the results are considered by 
them to be more satisfactory than tliosc obtained by Bailey and 
Baldsiefen. 


The following table shows the percentages of insoluble bromides 
obtained from drying oils or Jheir acids. 


1* 

Krom Giyc(U(i( a 

From the AcuIh. 

Porilla oil .... 

53 P<-'1 ^ 

64 pel cent. (Eibnei) 

Linseed oil, iodine value nSr 0 


42-50 per cent. 

„ „ 204-0 

49 * > » I 

(Steele and Hailey) 

^ '■ .. 

3772 „ j 

» 

Tung»oil 

... 


Menhaden oil . ' . 

. 61.8 , „ 

51 ‘5 (Ciemnicll) 

Soya bean oil 

.. , 87 

4 *~ 7 'S (Steele and Bailey) 


Mixtures of linseed and fisl^oil cai^be detected by the characteristic 
fishy odour -{jr^duced ^n heating^ Sfnall quantities, not below 5 per 
cent., c^n be detected by JusenschimFs test/ which depends on the 
production of an insoluble *oc^obromo-compound by the action of 
bromine at ioo\ One hunWrefi drops (aftout 5 c.c.) of oil at-c dissolved 
in 6 c.c. of a mixtiSrc containing ^equal parts o6* chloroform and glacial 
acetft acid. Bromine is iidded* drop#by^drop until the browm colour 
remains. «^Afte^ *ten or fi jteeij minutt*s t^e test tubes^ are’ piaged in 
a beaker contaiif^ng boiling jvatei! Kifi^eed and«other vcgjptable ojls 
* /nd, 1920, •ft, 52 ^ ^ ^ ‘ /^/(/., 1910, 2 , ^ 

lU 
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will become clear within a few setonds, while fish oi^S' remain cloudy 
and give a precipitate of an insoluble bromide in a short time. Ten 
per cent, of fish oil can be recognised and, with experience, 5 pei^ent. 
Fish oils which have been heated to 260" for some time will /lot give 
this test owin*^ to polymerisation of the oil. 

Coinparisoti of the Drying Time of an against a S^an<^rd 
Linseed Oi/. The method employed consists in the determination 
of the time of drying and the ‘condition 6f the dried surface 
of a film of the oil after treatment with siccatives. In a recent 
War Office Specification (C. W.T)./404, 1920) for raw linseed oil, 
nine volumes of the oil are mixed with one volume of a<2S Iper cent, 
solution of precipitated manganese resinatc in turpentine, Wnd the 
mixtuic exposed in the form of a thin film on glass, in aWertical 
position, at a temperature of 15 -5. The film must dry in a manner 
not inferior to that of a film. of the appii,oved tender^ sample, when 
tested at the same time and under identical conditions. Attention 
must be paid to the quality and appearance of the film, because 
some drying oils — eg. perilla — give peculiar surfaces with irregular 
markings. It will be found in the comparison between Baltic linseed 
oil and Indian linseed oil that the film of a drying oil of the former 
variety is harder and dries in a shoiter time under the same conditions. 
The iodine value of Baltic oil is aUvays higher than that of Indian oil. 

In the British Standard Specification ^ for Raw Linseed Oil (No 243, 
1926), the oil when tested in the following manner r^hall become surface 
dry in not more than four days at a temperature of 15' *6 to 2 La, 

JVbte . — By the term surface dr) ” is uiidei stood such a condition that clean, 
dry, silver sand (graded so as to pass a 40 I.M.M. sieve but to be retained on* 
an 80 I.M.M. sieve), sprinkled on to the suilace of the oil film and allowed to 
remain there for about one minute, can be removed, without injury to the oil 
film, by means of a camel-hair brush. 

“The oil shall be brushed on the ground suiface of a gioimd glass panel^ 
about 4 in. (io*i6 cm.) by 4 in. The panel shall be placed in a' vertical positidn 
in af,>vell-ventilatcd room at 60° to 70 F. (15' *6 to 2i'"i C.) and so arranged 
tha^ its surfa( e sliall be ilkiminatcd by diffused daylight foi at least six hours 
during eacfi day of the diying jieriod. In qrdir to avoid interfeiciice through 
excessive humidity, caic should be taken that thiouglnut the diyng process the 
' tea^perature of the loom is above the dew-point.” 

r r f f r , 

Mucilagcf T^ie determinatiotj of^thd mucilage is ^)f importance 
as indicatiilg whether the ocl is froks^t:^ oryhas been tanked to allow 
the deposition of watcr^and foots."' *tThe Amount p.eser^t in^a sample 
of 9il can be determinedr in tfhe /allowing* manner :~r-i 5 c.c. of the oil 
i^ plac^ <r> a •test-tube X (5 in.)^and heated over an open flame 

Abo>tractgd, ty permi^wn of ihe^niilish Engineering Standards Abbociation, from B, S. 
Specific official copies which be oi?t'iin«d frefien the* Secretary, 28 Victoria 
Street, S.W. 1, ^rice 2s. 2d., post fr«M. 
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to 30o\ the temperature being cleterftiined by a thermometer suspended 
in the oil. The rise in temperature should not exceed 50 degrees per 
minirfe. A linseed oil containing mucilage “Weaks”at 260"", an 3 flakes 
of the rPiicilage appear. The oil is then cooled down to the ordinary 
tanked tempeiature and at once centiifugcd in graduated tubes. A 
good linseed oil shows^ to 3 per cent, mucilage by volume. If the oil 
is allowed to f^tand overnijjht after breaking, the “foots'* cannot be 
removed by ccntiifuj^ing. Other methods have been proposed by 
Walker and \^ertz,^ and C. I). Holley.” 

Colour. The colour of linseed* oil can be standardised by a 
Lovibond’s tintometer Vol I, p 184). In the British Standard 
Specification for Raw Linseed Oil (No 243, 1926)':- 

“The colour shall not be daikti than that of a freshly made solution of 
0*1 g. iodine and i g. j)inc ])oUssijiu u'didt (fu^ fioin lodatO in loo c.c. 
water, \shcn viewed tiansvcrscljj l)> tiansnutt'^d light thiough a glass tuln 1 cm. 
(o‘39 in.) in diaiiietir and about 10 ( in. (V9t in ) long. 

“Lor K fincdhnsced oil the (okmi bli.dl not bt darku than tliat of a ficshly- 
mad(' standard solution of o 02 g. iodine and 0*2 g pine jiotassiuni iodide (free 
from lodate) in too c.c, of watci when viewed smulail).’ 

The viscosit} of a diying oil may be determined by 
any of the methods used foi the determination of the viscosity of 
lubricating oils (yre Tmbneants, Yol V) 

Detection of China ILcW Oil in Linuicl Oil A modified elaidin test 
for the presence of tung oil in linseed oil devised by J. N. Goldsmith-^ 
is as follows : — i c.c. of the oil i , mixed u ith 5 or 6 c c . of 10 per cent, 
acetic acid, i g. of solid sodium nitiite added and the mixture ^ 
•shaken vigorously In the fireseiice of as little as 10 per cent of tung 
oil •a buttery mass results, whereas linseed oil alone remains liquid. 
This test works in the presence of stand oil, pcrilla oil and also in the 
presence of rosin. 

, fhina Woi%ti Oil [^Tung Oil) Owing to the increasing demand fpr 
Galina w«od oifihe detection of adulterants in tl'ic oil is oj importance, 

♦ The commonest are so}a, peiilla, and himbang (Aleurites) oils. The 
detection of the adulterants H abased on (f) differences in pptital - 
dispersion, (2) polymerisation gelation tests. 

Th^ higl/r«iractive index of Cliind*wood oil (1*5179 at 20"" ; liniieed ^ 
oil, 1 * 4 ^ 135 , 15"^^ and the lefractive indices of sc*} a aixl perilla appro^cii- ^ 
ing the value of linseed oil makcfit ccthy to detect adulteration. 

The gelation test dep?ind< on the t*imc taken for tile oiB under 
examination to set solid at a teihperaturb of 293”. A s^ample of good 
tung^oil should gelatinis«f ten rfinut*es wiien tested accQfding% to 

^ PfOL. Soc, ien. Mah ^ Par^ I.ip. 38.* Oils, and^Paints, 191^, p. 

^ AiJstractcd, by mission of the Uniisl? Engineering bLaini(jjd& Asbcx^dtio^i, from U.b. 
Specifitation No. 243,roffKial coiies ol whicl^tan be obtained fipitf the Sfecraaiy, 28 Vicrf.ojpia 
‘Street, S.W* i, price 2s. 2d , post free. * ' # V- Oiiatid Lot. Ctiem, Ass, I, 1926, 342*, 
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Browne’s directions.^ The presence free fatty acids wiH extend the time 
required for gelation. It is possible to detect the presence of 5 to 10 per 
cent. of*adulterating oil by means of the gelation test. The adeJition 
of lumbang oil will retard the solidification of the oil on heating, and 
also reduce Ac refractive index. Perilla oil raises the iodine value 
whereas soya depresses it, but both reduce tha^ refractive index and 
retard the gelation of the oil. ^ ^ 

In the heating test (Browne’s Method) the tesl tubes for containing 
the oil should be iC cm. by 15 mm., with a mark near the bottom to 
indicate 5 c.c., and closed by a cork so perforated that a glass rod 
3 mm. in diameter can move freely. Fill a copper beaker (height 
12 cm., internal diameter 6 cm.) with cotton-seed oil to a height of 
7*5 cm., place a thermometer so as to be 1-5 cm. from the boU©m of 
the bath. When the bath temperature is 293 and very slowly rising 
at this point, place the tube containing 5 of Ihe^oil ^to be tested so 
that its bottom is leve*l with the lowest part of the bulb of the 
thermometer. Note the time, remove the source of lieat for about 
forty-five seconds and then re- apply. Before two minutes have elapsed 
the temperature of the bath will have fallen to 282 , at which point 
it should be kept as steady as possible. \\ hen the tung oil has been 
in the bath about nine minutes, raise the glass rod at intervals of half 
a minute, and when the rod is firmly set note the time. As setting 
or jellying takes place within a few seconds of fluidity, a good end 
point is afforded. Remove the specimen at ()iice,Jicat the bath again 
to 293 , and repeat the experiment with another jiortion of the sample. 
No stirrer is used in the bath A screen around the bath enables the 
temperature to be more easily reached. * < 

A raw tung oil sh(juld conform to the following requiiements : — « 


Specific gravity (15*5 ) . 

Ac id number .... 
Saponific.ition number . 

Unsaptmifiable mutter, per cent. 

Refractive index at 25 . t . 

Iodine numbei (Hiibl, 18 liouis) , 
Heating test (lirownc^s jnethod) ; minytes 


Maximuzri. Mintmun]. 
0-943 0-939 

6 

195' .,'190 

075 • - '* 

I‘520 1-515 

165 

12 


Linseed Oil Substitutes. — The methods j\ist desQuiRcd cap also 
be employed in the* examination of oils suspcqted of adulteration. 
When the Sric® of linseed oil •is h^h,* adulterants appear. If the 
sample* unefer examination has an ^aftno^mal drying time, specific 
gravity, iodinS value -nnd saponificeftion Value, adhlter^nts^ may be; 
suspected. The^ possible impurities arc •resin oil, ♦ mineral oils, e.g' 
benzine, kerosene or lubricgiting oil, ffisb oijs, soya t^ean oiJ, corn oil, 
and hemp^ior •rape oKr ^ The ilibSpe^t anej commone.sl adulterants are 
e ^ Proo. Ameu 1 est, I 9 i< 5 fD, pp. ia-l6, 577, 
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the mineral which have lo^^er * specific gravity than linseed 
oil and reduce its saponification value. Rosin oil is frequently 
addrfd to compensate for this reduction. * The most objectionable 
linseed ^oil substttutes are those consisting of solutions of rosin and 
hydrocarbon oils with which arc mixed tar oil and resin ; such 
vehicle's possess littlei permanence. Rosin would be indicated by the 
hi^acid value^of the oil, and by the Liebcrmann-Storch test (see p. 565). 
Corn oil is sometimes used as* a substitute in Canada, and as it is 
a semi-drying oil it will tend to delay the hardening of the film. The 
presence of soya oil will reduce the* iodine value and the drying time* 
Other sub‘^iUites are obtained by dissolving metallic resinates in tar 
oil and petroleum Raw soya oil as a substitute for linseed oil is 
preferably first blown, then given a heat treatment to thicken it, and 
a drier of manganese, lead aiKl cobalt linoleates in the proportions 
of 003 per cent®, 02 anj} 001 per gent respectively. Such an oil 
is considered to be a fair substitute for linseed oil 


Table I.— 'Characteristics of Drying Oils 






bap Hit 
lt( ati n 
\ alue 

It 1C iita^t 


ilrommo 




Iractne 

A( 1 1 

L/ngapoi i 

lo hue 

\alut 

Viscosity 


(U C) 

in lox 

VUu 

It \ble 

\aliu 

from 


”1 



Mat ter 


Acids 



Linseed oil 

0*932- 

1 4S31 

1 3 

190 2- 

0 65 1 1 

170-20 

48 6- 

0 51 


0 9337 

1*46(>0 


19, -2 


(185Wi)sj 

50 9 

(poises) 



loo t ) 






(25 ) 

Chin i wood oil . 

0 9405- 

1 5155- 

3 3 

192-19() 


168-178 

ml. 

1*318 . 


0 9120 

1 5207 




(Wi]s) 


(poisc&l 

C2&)~ 

renlU oil 

0 9343 

1 lb41 

\5'0 

189 191 

0 37 

191-206 

50 8- 

♦ 

0 928 
(20 ( ) 

(20 C ) 

» 




64 12 


Menhaden oil 

0 9272- 

1 4S03- 

5-S 

190-195 

0 6-1 (» 

166-193 

51 7 



0 9310 

1 4809 







Piia rubber oil 

0 9249 

1 475 

0 6 5 0 

1S9 1 


135-139 

6 7 


Ilernyoil. 

Pv3^)py seed-oil 

0|9270 

1 4S20t) 


190 191 

1 1 

140-166 


2^4-269 

0 §155 

*1 45Sb 

1 1 

189 197 


131-137 

ml 

• 

^bO C \ 

1 

1 1 


• i 



fcedis. 



1 4751 

1 ' 





* 70 F. . 



(20 ( ) 

' .. 1 





(Redwood) 

Walnut oil 

0 92)9 

1 4801 

• 1 

1 

192*5 


142 145 

•8*0, 

?32 scc*i. 




1 • 

190-201 

» 



(Redwood) 

Soy i oil . 

i) 929 

1 *4(^0 

' 0 s 3 0 

1 16 

124-128 , 

, iiplo7*8 


• 

^ •• 

(10 t ) 

• 1 

j 


J37-164 ' 



Candle nut oil . 

0 927 

1 1 4765 

2 3 ' 

176-192' 

V * 

11*5- 


• 

* 

1 * 


1 


* 1 

^ 12 6 


Lumbang oil 

0*925- 

1 1 4928 

4*4.5;i 1 

1190-194 

1 

]6C*lb4 ^ 



0 937 1 

1 

\ ^ • 1 

i » 


(Ilubl) 

1 ' 


Chia oil . 

0*9333, 

1*47«6 

I#1 8-3^ 

‘ ' 1 

192 2, 

10 1 

190 6 ^ 



* f 

• 1 

(25) 

1 

* 

81-179 

1 * 

• 

Oitiuca^il 

0-94- ♦ 

1*4945 1* 

1 liC5ai 4 

i*8J-19| 

1 6,14 1 


% 


0 9786 

(30 C.) j 

1 4768 ;| , ♦ 

(15^0 ^ 



. J . 

'] 

Nigei od \ 

0 9g?e 

f 

180^192 

• • • 

»* .. 

• . 

1 27-1^1 

) % 

•• , 

299^293 
at 70° F. ‘ 


• 

» * 



• 

* * 

* 

• 

(R^wood) 
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STAND OIL (LITliOCSRAPHIC VARNJiSHES). 

Stand oil and lithographic varnishes are obtained by heating c^fying 
oils, chiefly linseed oil, to 250'' to 300"’ in the absence#of air. Reference 
to the chara/:tcristics of polymerised linseed oil are showiT in the 
following table : — 



1 Sp gr at 1 ^ 

Sapoiiitif atioii 
\ aluii 

Iodine Va]^ie 

Oxfilised 

A( ids 

_ * 

I’erceiitage 

Hexa- 

bromides 

R \\\ linseed oil 

. ' 0-9321 

M91-8 

169 0 

0*3 

24*17 

Pint varnish 

. 1 0 0.584 f 

197*5 

113*0 

1*5 


Thin vainibh 

0 9«61 1 

196 9 

100*0 

2 5 f 

2*0 

Middle vaini'^li . 

1 0 9721 , 

107*5 

91*0 

4*2 

\ - 

Strong varnish . 

. 1 0-97 U 

190 9 

86-0 

6*5 

\ 

Burnt thm vainish* 

. 1 0 9675 

105*5 

92 7 

1 

0-85 

\ (TO 


* Burnt thin Vciniuh is iiidde by hcatint,^ tlic oil to its 11 ish point* and illowing it to burn 
quietly with const int Stirling. ^ ' 


The percentage of thickened linseed or thickened wood 6il in a mixing 
may be determined by the acetone solubility method, which depends 
on the fact that 50 per cent of the oil thickened under works conditions 
is insoluble in acetone.^ 


VOLATILE THINNKRS OF PAINTS, JAPANS AND 
VARNISHES 

For analytical purposes the term volatile thinners means solvents 
volatile in steam, and includes turpentine, white spirit, pine oil, and* 
kerosene, together with aromatic hydipcarbons of benzene, toludne, 
xylene, etc,, although keiosenc rc(|uires special treatment for its 
complete expulsion from a paint or a japan {(f. p 584). 

. For oil varnishes the most important thinii^'rs ^Je turpentine,* 
v'^hite spirit cand kerosene. Some petroleums contain conjrtderable 
amounts of aromatic hydrocarbons, and frequently hydrocarbons of 
the' xylene type (solvent naphtha) are used because of their good 
solvent properties. The .safne thinners'are mo’^tly used in paints and 
varnishes. In spirit varnishes methylated spirit, wcrod spirit, wood 
nilphtha, butyl ajnd’^ainyHalcohols (fusel ojl), benz}^ alcotol, and esters, 
such as^amyl acetate, are found. Ketofr^s (acetone and higher ketones, 
e.g. acetone oil) are used as sofvents foi* resifis and for nitro- and acetyl- 
celluloses. • Butyl acetate is an imj)ortant solvent for nitrd-cellulose. * 
Ben^^ne misled with 'methylated spmit finds its chief use in paint 
varnisfi 'removers on account oFits high solvent ipropSrtieg, and 
also in staip§„to ^cqre proper penetration. The .solvent napljthas 
* ^ Morrell,^, Soc, CK^em, 36, 105. 

t • 
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are used in enajnel thinners and baking japans to secure the desired 
flow as well as for their great solvent power. CeaLtar naphtha is 
usedfas a solvent for pilches in the manufacture T)f bitumastic [Vepara- 
tions. JLight soA^ent naphtha (20 per cent, toluene and 80 per cent, 
xylenes) is used as a solvent for rubber. Heavy solvent naphtha 
(90 per cent, below ipo°) is used as a solvent and thinner for quick 
drj^ng paints such as antifouling compositions, and as a solvent for 
pitches. It is also ?ised in conjunction with wdiite spirit as a thinner 
for priming p&ints for woodwork. The examination of these substances 
will be dealt with in the order given*above, beginning with turpentine. 

Recentlj^, liydro^nated derivative? of phenols and naphthalene 
have been introduced under the names of hexalin (cyclo-hexanol 
= he»caliydiO[)henol\ heptalin (methyl cyclohexanol), tetralin (tetra- 
hydronaphthalenc), dekalin fdccahvdronauhthalene'). and tetralin extra 
(tetralin : decalinf 1 : 4) 

The Deternlination of Volatile Thinners of Paints and Varnishes. 

While the paint and varnish industry confined its require- 
ments for volatile thinners to turpentine and wd'iitc spirit, distillation 
in steam at 100"" could be relied on to remove all the volatile thinner 
present, unless the product were a paste, semi-paste, or a short oil 
varnish, when an apjiteciable percentage of volatile thinner was 
retained in the prpduct examined, due to the heavy consistency of 
the material. 

A rapid method for the estimation of volatile thinneis in a varnish 
, is as follows : — 3 to 4 g. of ^he varnish to be examined is w^eighed into 
a 4:ared silica flask of about 200 c.c. capacity, containing a piece of 
broken glass or silica. The ffusk is about one-third filled with boiling 
water, and then healed to boiling ovei the free flame, a rotary motion 
being impaii^ed to the contents of the flask After about five minutes 
t>o’iling^thc sif'Hl of the volatile distillate will have disappeared, "fhe 
t supernatant aqiieoils layer i‘' poured off into a small separating funnel. 
If clear and free from floatirg pily globules^ it may be neglected ; if 
not, it is cooled, extracted with ether, re^turned to the flask, and the 
ether distilie^ off The adhering •varnish is freed from wateu* bj{ 
successive treatment with 10 to 15 c.c. of {i mjxj.ure of three 
by volume of benzene to onb p^irt 0/ methylated spirjt, the flask being 
immersed up to the neck;in^a#i>team-Kith, and the consents ^ept in 
, continuous rotatfon until Uppafcntly fr^e froyi volatile m^itter. This 
operation is repeated iwitiil •the •rpsitluc is clear when vieweii by 
trahsmit^^d ligljt. The Ipss hi ;weigbt of^thc flask And Tiisidue gh;es 

the Amount ot •volatile tfiinners.^ 

* » « * * * ' 

I Dp Wnele^afid Snfith. IQ20, 4S 32vS. 
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Where naphthas containing a #considerable perceyitage of hydro- 
carbons boiling above 200° are present a special treatment is required. 
The sample must be heated in an oil-bath to 130“ to 135°, and ^eam 
passed in. The addition of par*afifin wax (melting-poh'it 125*" to^i30® F.) 
may be advisable to maintain the mass in a freely fluid condition 
during the entire volatilisation of the thinner,^ If the non-yolatile 
vehicle contains a considerable percentage^ of linseed ofl, it is advisable 
to redistil the volatile thinner in a current of steam, so as to free it 
from fatty acids before examination of the specific gra'Hty, fractiona- 
tion, and polymerisation. • 

Estimation of Turpentine.— The great demand for turpentine and ‘ 
the variety of its substitutes require careful control of the puritv of the 
spirit. Each country has its own specification. 1 * 

The British Standard Specification for American Turpentine is as 
follows ^ 

^^Description. The material shall be genuine refined turpentine as free as 
possible from colour and fice from water and \isil)le inipmitits. 

Spciific Gravity. The &pt‘(ifie gravity at 15 *6 C. (60 F.) shall be not less 
than 0*862 and not moie than 0*872 ^\hen touipared with ^^atcr at the same 
temperatuie. 

^'‘Distillation. The mateiiil on distillation of 100 c.('. in tht' Standard Dis- 
tillation Apparatus (yee Fig. 52, Standaid Distillation Apparatus) shall yield: — 

Not more than i c.c. bc]o^v 150 C. (302'' I^' ) at 760 mm. pre.ssure. 

Not less than 95 c.c. below 170 C. (338 f'.) at 76,0 mm. pressure. 

Reiidae. The amount of rtsidue deleriuined by e\aporating 10 c.c. in a 
shallow, fiat-l)c;ttomul dish about 4 in. (to*i6 cm.) in diametei ]>y i in. (2*54 cm.) 
deep on a bath of boiling watci and 'subsequently hcMting for a period of two « 
houis at 100 C. (212 t.) shall not exceed 2 [icr cent, by weight and shalltbc 
wholly organic . 

Rejr active Index. The lefi active index for the D line at a temperatuie of 
20" C. (68 F.) shall be between 1*469 and 1*478. 

* Polymcfisation. The amount of residue left after pdlymc'visation shallllot ’ 
Ace^d 10 per-cent, by volume, and its refractive index ohall *be not Tess than 
i*S(jo at 20 C. (68" F.). , The polymeiisation test shall be carried out as 
* follows * 

‘‘To 20 c.c. of concentrated ^ulphij’ric acid 96 per cymt. (1*84 specific gravity) 
•\:oiiJained in a Leffman-Eeam 01 J>abt ock Ik-Fat flask, the wholfi'being immersed 
^ in^iced water, c.9 df turiitntinc shall be adt^led drop by drop with f-equent 
shaking, care being taken that the \cmp4r|ituie does not rise above 6o‘'C. 
(140^ F.y \Vnen the mixture no* longer warms iqi on shaking, the whole shall 
be thoroughly agitated an^ the vessel plvued in a water bath and cheated to# 

^ Vehuldy fnpans and VattpisheSy"^. Ii6. ^ ^ 

Abstracted by (Permission of the^'^riiis^b Er\<;inecrnig 'Standards Asst'^ciation, from B, S. 
Sp^ification ^0. 24/^, offici^^T copies of which can be obtiAined froip the ^^ecretary, 28 Victoria 
Street, cS.W. i, price 2s. 2d., pbst free. ' ‘ ' 
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between 60" and ^65’’ C. (140 F. to 149 F.) for ten nuiiutes, the contents 
being thoroughly mixed by shaking Mt^oiously five or six times duung this period. 
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of the flask near the zero of the gradiKited scale, after whicl^ it shall be allowed 
to stand overnight (or it may be centrifuged) and the volume of the unpolymcrised 
residue*i>hall then be lead offi % 

Flash Foifit, The flash point (Abel’s close test) shall be not less than 
90“ F. (32-2 C).” 

This polj^mcrisation method (Armstrong’s)f has been modified to 
overcome the difficulty of separation of the^products when the turpentine 
sample contains white spiiit.^ " <- 

V. E. Grotlisch - recommends for the polymerisatfon test 38 N, 
fuming sulphuric acid prepared from concentrated 95 per pent, and 
fuming sulphuric acids and ebntaining more than 82*38,961^ cent, of* 
total sulphur trioxide. \ 

The American Specification^ requires the following values for 
standard turpentine: — Sp. gr. (15^), 0-875 to 0-862; flash point (Abel) 
86° to 88” F.; (20”), 1-468^0 1-478; r^csidue alter polymerisation 

with 38 N, 2 per cent. is”-5 = 1-5), (wood turpentine gives 

2-5 per cent. (?/^, 20' = 1-495)); initial boiling-point at f6o mm.: 160° 
(wood turpentine, 150); percentage distillate below 170", 90. The 
colour shall be Standard ” or better. The term “ Standard ” refers 
to the colour recognised as a standaid by the “ Naval Stores Trade.*’ 
Turpentine is of “ Standard ” colour when a depth of 50 mm. in a 
perfectly polished bottom tube approximately matches a No. i yellow 
Lovibond glass. 

Marcusson and Winterfeld^ have put forward a method of estimating 
the amount of petroleum and aromatic hydrocarbons present in a 
sample of turpentine substitutes containing tujpentinc. Into a 100 c.c 
flask provided with a long neck graduated i/io cc , 30 c.c. of fuming* 
nitric acid (sp, gr. 1-52) is poured and cooled to —15” by ice and jKilt. 
Ry means of a dropping funnel 10 c c. of the turpentine under examina- 
tion is allowed to drop very slowly into the nitric acid. The greater 
the quantity of petroleum spirit present, the more quickly may ^the, 
turpentine b^ introduced. About half an hour to one l^dur is j?cquire6, 
according to the purity of the sample. The mixture is allowed to 
stand a quarter of an hour in the freezing mixture and the flask is 
filled up to the mark with concentrated nitric acid (not fuming), 
^previously cooled to —10°, to rbmoye any solid scp^;»^atlng ip the 
n^ck of the flask. The bplb of the flask must rci-qain the whoje time 
' m the freezing ^mixture to avoid .secondary reactions. The volume 
of the toiclife (petroleum) is .‘^hown in 61c .graduated part of the flask 
to about 2, per cent, aacurac^. Thc*»hontdnts are riow trans^ferred to, 

, ' 1 0 * * * * 

^ Ri;i. ^lynell/ /. Soc. C/iem. Jnd.^ 1910, 241 ; Kiieger, Client, iQip, p, 427. 

2y. .Sk. Af/., 1924, 43,'S78 B. ^ ♦ 

» Proc* fimi} . Soc, T»X Mats., igiS\ t> 13-15. # 

i Marcuslon and WinUrleld, CAem. ZeU.^ r*#09, 987. * 
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a separating Cutjnel and the lowci (iritric acid) liquid is withdrawn 
and poured into 150 c.c, water. Evolution of heat occurs and more 
or Iclis oil separates out, according to the Amount of the pcft-oleum 
spirit. The aque^^us liquid is heated for a quarter of an hour on a 
boiling water-bath and in a fume chamber to bring the resin from 
the turpentine completely into solution. After cooling, 100 c.c. ether 
is sfBded, the water layer is |Withdrawn and the ether solution washed 
several times with 4\^ater, then* with caustic potash (10 per cent, 
potassium hydroxide and 10 per cent, alcohol), and finally with water. 
After drying the ether with calcium chloride, it is carefully distilled 
off and the Residue weighed. The residfie is a red brown oil po.sscssing 
the aromatic smell of nitro-compounds. 

The weight of the oil is divided by 1-15 to obtain the volume of 
the nitro-products of the aromatic and cyclic hydrocarbons, and this 
volume is added the v(^lumc of thq oil insoluble in the nitric acid 
fluid obtained above. 

The disadvantages of this method are the violent reactions with 
nitric acid and the use of ice ; moreover, the separation of the benzol 
from petroleum is incomplete, owing to the solubility of the nitro- 
compounds in petroleum hydrocarbons, while many petroleums contain 
appreciable quantities of aromatic hydrocarbons. * 

In the concentrated sulphuric acid method the polymerised product 
of turpentine is colophene, and the volatile unpolymerised material is 
cymenc. , 

Another method for the estimation of turpentine devised by Tausch 
is based on the oxidation of turpentine by mercuric acetate. When^ 
pure turpentine is licated uiRlcr a reflux condenser for three hours with 
mercuric acetate and meth).l alcohol and then steam-distilled, no trace 
of turpentine is found in tlie distillate. The method may be used 
quantitatively, and the mercurous acetate formed may be collected, 
transformed iyto the chloride, and weighed. A blank experiment may 
Cte done^with plire turpentine. ^ ^ 

Salvatcrra^ suggests three suitable, methods for the estimatian of 
oil of turpentine • — ^ ^ 

(l) Tausch's method. Twcwity c.c.^ of tl^e sample is introduced into 
a 2-litre fla^k (^ntainin^j 300 c c. water ?ind 20 c c. 80 per cent, acetic P-cid^ 
Fifty-one g. powdered mercuric oxide is slowjy ^dejed, and then 10 q.c. 
methyl alcohSl and the mix*tnre heated with a reflu^ cefndenser on a"* 
water-bath for two or threje floiiis and *thcn*steam-di.stil^ed, whereby 
,the undqpom^^osed hydrocatbon.f ^3icsent*as impurities apre removed. 

(8) By the ac4:ion of feydrobronfig apd bromic acids at 20' tc\,25% 
whereby 4he tu/pentine is rcnclered.non-yolatilc in*sJtcaiA. ^If wood 
turpentine (Ki«noel) *bc acJvisable^ to use* a little more 

* 1 Analyst, 192*1, 46* ISS*,*/. Oifand^CoL them. Assve., 1920, *3, 1^6*^ 
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hydrobromic acid. The method «is unsuitable if te^ralin (tetrahydro- 
naphthalene) is present. 

(3)® By treatment of tfhe spirit with iodine and mercuric chloride in 
alcohol, and keeping the mixture cool and in the yark for six hours. 
After addition of the concentrated solution of potassium iodide and 
excess of sodium thiosulphate, the solution is /leutralised an^l finally 
distilled in a current of steam. The volatile impurities in the turpentine 
are found in the distillate. By thd first method wood turpentine to 
the extent of 10 per cent, is volatile in steam, but nol in the second 
and third methods. By apply ing ^ooth the mercuric acetate and either 
the bromine or iodine process it is possible to estimate^^th^ amount*^ 
of pine oil in the adulterants. ^ 

The following results were obtained by Salvaterra in the eWmina- 
tion of samples of turpentine containing solvent naphtha, benzine or 
tetralin, using Tausch’s method : — 


Volume taken. 
20 C.C. 

20 C.C. 

20 C.C. 


Volume found 

3*95 C.C. 
9*92 C.C, 
7*88 C.C. 


Volume present 

4 c c. (solvent naphtha) 
10 c.f . (bcn/inc) 

8 C.C. (tctidhn) 


The table on the opposite page shows the important differences 
between the varieties of turpentine. 

Manufacturers of wood turpentine now make a product that 
comes within the accepted physical and chemical limits of gum 
turpentine. The purchaser should, however, state whether gum or 
wood turpentine is desired. The presence of pine-tar oil (Kienoel) 
may be recognised by the fact that a* fragment of caustic potgsh, 
brought into the liquid, will soon become coated with a yellown’sh 
brown layer, whereas in pure turpentine considerable time will elapse 
before the formation of such a la}cr. Oil which has become resinified 
should be distilled before the test is tried.^ The pi^escnce of pii^e* 
oil confers a*plcasant Aromatic odour suggestive oficarrfphor of juniper. 
In^ amounts of not less^ than *10 per c^ent. it may be detected by the ^ 
yellowish •green coloration produced by sulphurous acid (Herzfeld’s 
reaction). A test for rosin spirit! in turpentine *has been (jjescribed by 
Conradson.“ An aqueous solution of sulphurous acid! when 
sfiaken with ^,osifi spirit, colours the latter 3^cllow. Yurpetitine, benzene, 
gasolene aryl idb° oil give r\p such colouration. Rosin essence may 
be recognised, ^part from thetlow tei^erafure at wtich the turpentine 
begms to boil, by Grimald^i's reaction,** whicl;i ejepends upon *the collection 

" * • • * 

Herzfeld, Z , o ^ nl ^, ^^03,*9, 4^ ; 1^04, 10 , * 3 * 12 . 

^ Ind ,, 1897, 16, 519, • • 

» Chem , ZeiL , 1907, 92. 114? • , 
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of fractions of oil, in amounts oTf 3 cx. each up to 170^ ^nd the produc- 
tion of^a green coloration with tin and hydrochloric acid.^ ^ 

From the data given it ^ill be evident that ^he preference for 
American turpentine is largely due to its uniform quality and 
characteristic*’ smell. The differences in properties between it and 
French turpentine arc not important, and pi^jjudicc is powerfuj. in 
the selection of a variety. Thus Indian^ Greek, and« Swedish suffer 
in comparison, and in Russian turpentine the lafge am9unt of greasy 
residue left on evaporation, together with its variable colour and 
essentially marked characteristic odour, render its use in high class , 
paints and varnishes primarily local or in the country origin. 

Pine Oil. — The term pine oil as now understood is the heavy oil 
obtained from the fractionation of crude steam -distilled wood turpentine. 

It is also obtained as a by-product in the manufacture of wood pulp 
by the sulphite process. Good •qualit}* pine* oil has a pleasant aromatic 
odour, but inferior qualities cannot be used for indoor work on account 
of the obnoxious odour of the empyreumatic compounds which they 
contain. It is a powerful solvent for lesins, and has strong penetrating 
properties like solvent naphtha.- It contains a hi^h percentage of 
terpineol, from w hich tcrpinc h} drate, + lIoO can easily 

be obtained. The followuhig arc the chief charactei istics of light straw- 
coloured pine oil; — Sp gr. at 1 5 , 0932-0935, refractive index at 
20®, I-4798-I-4830 ; distillation range, 90 per cent, between 190® and 
218®; acidity, below o-i per cent ; flash point ^0 . 

Turpentine Substitutes. — The icquircmcnts for a good turpentine 
► substitute are solvent power equal to that of turpentine and equally 
rapid air-dr) ing, only a small amount ot ’greasy non-volatile residue* 
being left ; the smell must be pleas«int an/i resemble that of turpentine ; 
the flash point must be above 73 F. to conform with tiansport require- 
ments. As far as possible, the rate of evaporation of the substitute 
must correspond with that of turpentine, and, if ihc s^Ibstitute be 51/ 
yend, the Itiss volatile components must have ^ solvent p^^wer for 
resiifs and oils equal to that of^turpenlinc. The majority of turpentine 
. sub?5titqtcs« arc cssentialfy petroleum, •blended in varying amount with 
turpentine. The petroleumi are* genera*! ly not guch good solvents for 
#*esirt oil mixings or metallic driers, Kor have they the*S>arne viscosity 
^an<.l*flow as turj^pntine. •Certain natural^ pctroleusns h^ve a solvent 
power of a high %order, but their* thinVyig ^powers are greater than 
turpentine, ^hich is a disadvantage, * The* petroleums are so varied 
in composition*that for •comparison Volatility tests are u*&uaKy rj^died* 
on. * Thjpresencp of aron 5 atic*iiydrocarb*ons generally* tends to improve 

^ Wolff, I9X2„36, 64 ; Ind.^ 1912, 31, ^>92 ; Pr?l, Clum. Zc%t\ igi2, 

36,198 ; /. /«f/.f3l,,i9i2, 239. 

, * AH Toe h, Eng» Chem,^ 19I^» 6, 720.^ 
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the solv.ent power of the turpentine substitute. Details of the estimation 
of petroleums in the presence of turpentine have already been given, 
but it*is advisable to quote the specifications of white spirit for British 
America’^ and French requirements. The following British Standard 
Specification for Wliite Spirit, Type i for Paints (1926), may be taken as 
the^moat recent for white spirit as a turpentine substitute in thinning 
paints and varnjshcs.^ • 

^'‘Description, Tin? material shall be wholly a petroleum product. 

It shall be water-while, clear, free from water and other visible 
impurities; also free fiom objectionable odour. 

Flash iioiiit. The flash point (Abel’s close test) shall not be less 
than 78'' F. 

“ Distillation, The material on distillation of looc.c. in the Standard 
Distillation Apparatus {sec Turpentine) shall yield not more than 10 c c. 
below^ 1 50' , not Ijsss than 80 oic. below ipo'i, not less than 90 c c. below 200^ 

'‘'Freedom fiont Gnase, No gi ease spot or mark shall be visible 
on the paper w?hcn 3 or 4 c.c. are allow^ed to fall on a sheet of ashless 
white filter paper, 20 cm. by 20 cm., and the paper is freely exposed 
to the air for one hour at a temperature not exceeding 60 F. (15^-5 C.). 

Residue. The <imount of residue determined b> evaporating 50 c^c. 
in a flat-bottomed dish (about 4 in. in diameter) on a bath of 
boiling w^ater for a period of four hours shall not exceed o-2 per 
cent, by weight and shall be wholly /^iganic. 

“ Neutrality When 50 c c. of ‘the material is shaken wdth 10 c.c. 

of distilled w^ater the water layer shall remain neutral to methyl orange. 

« Freedom from Objectionable Sulp/iu) Compounds. The material shall ^ 
‘be free from objectionable sulphur compounds as indicated by there 
beihg no change in the colour of freshly cleaned copper strips kept 
in the distillation flask during distillation, carried out as specified in 
the distillation clause.” 


Coffignier ’recommends the following fractionatiqn value for white 


spirit 


70 - 1 00 C. 
100"- 1 30 
130 

14a -150" 
i5o%>i6o' ^ 


For cent 
O I* 
i-r>2 

10 17 5 
11-48 
56 -^- 6«7 


, 160 -170 €. 
J70 -|8o' 

' 180 -190° 
190 -200^" 


, 35*36* 
18*5-26 
10-17. 


A high grade white spirit?. gi 9 e; generally between 5 ancHiO pfcr cent, 
non-volatile .matc.*rial above 200.. Wai* Olilicp Specifieatiijn (C.W.D. 
406) for white spirit for ssit ia paiiij aijd fcir cleaning shells reqiyres 
80 per cent, distyiato at or, bcloWj20o\ 

' Abstracted by {itrmHbiou of the^Biitish Kngnlccnnv^ Miincf»t>Tab Assooatipn, iiom 15 , S>. 
Speciifcation No. 245, of 6 cia 1 copies ol^ y inch ^can be ubt.mied ffewn .he Secrei^iy*, 28 '^ict<6ria 
Street, S.W. i, price 23. 2d., post free. ^ ^ # > 
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The estimation of the am6unt of petroleum and, aromatic hydro- 
carbons present in a sample of turpentine substitute containing 
turpentine has been described on p. $86, and the precautions lo be 
taken to avoid loss of the petroleum and aromatic hyd^pcarbons 
pointed out. ‘ The percentage of aromatic hydrocarbons present in 
the petroleum spirit may be determined h>y Ilenriques* ^fuming 
sulphuric acid method,^ which consists in mixing 5 c.c^ of the sample 
with 10 c.c. concentrated sulphuric acid contairfing 10 per cent. SO3 
in a stoppered cylinder graduated to 0-2 c.c. The undissolved portion 
after agitation of the mixture at the ordinary temperature will be 
a measure of the non-aromatic hydrocarbons present. ,U must be* 
remembered that nearl}’ all petroleum hydrocarbons in pi^troleum 
substitutes arc more or less soluble in fuming sulphuric acid^; ‘more- 
over the non-aromatic hydrocarbons aic appreciably soluble in aryl 
sulphonic acids though not in i-uljihuric acid. Whife spirit give^ 8 per 
cent, contraction ; kerosene, 16 per cent; Rumanian petroleum spirit, 
48 per cent.; and xylene petroleum spirit as much as 54 per cent, 
absorption by fuming sulphuric acid. 

F. B. Thole- estimates benzene and toluene in petroleum by 
sh^aking one volume of a toluene-petrol or benzene-petrol under 
examination with three volumes of 98 per cent, sulphuric acid in a 
50 c.c. cylinder. External cooling is necessaiy only with mixtures 
rich in aromatic compound.s. For mixtures richer than 50 per cent, 
benzene-petrol it is advisable to separate the supernatant unabsorbed 
spirit and treat it with a fresh quantity of acid in order to avoid errors 
• 'due to incomplete separation and absorption of the non-aromatic 
hydrocarbons by aryl sulphonic acids forfned by the sulphuric acid,* 
Thole recommends the determination of the specific gravity of ihe 
initial fraction and of the residual spirit after acid treatment. Know- 
ing the specific gravity of the aromatic component the percentage 
pr/5sent may be calculated from the formula : — ^ 

' . Pcrcenfage aromatic * x loo.' 

Sp. *gr. of aromatic - final sj). gr. 

Thfe aromatic hydrocarbons are-a.ssi 5 mcd to be benzene and toluene. 
The presence of olefines ahd diolcfine^ introduces complexities which 
^lavfe not been dealt wdth, since the tmethod is only dfttj.i^ncd for the 
^ailafysis of straight-nun distillates from ^ crude oil. petroleums 
contaimng ^laplithencs, ♦aromatic hyVjocarbons, and sulphur com- 
pounds the ^estimation of the aromatic hydrocarbons is difficult. In 
the first place it is necessary to remtJve the sulphur and uncaturated» 
confpoupds witljout affecting tiie bcfizehe* and to'iuene before the 
estimation of Uie aromatiui hyA^ocalboms Van^be begun. * The un- 
saJurated/:oiApounc3!>‘9an be removed qvantitativelyi*by boiling ^with 
^ P* 95 ^%^ \ ^ * 6 'bc, Uiem, IruLy X919, 38, 39 T. 



HEXALIN, HEPTALIN, TETRALIN AND DEKALIN 


593 


an 8o,pef cent, ^sulphuric acid solution for about half an hour in a 
flask under a reflux condenser, the neck of the flask being composed 
of a graduated burette in which the losses sustained in the operation 
can be ^ead directly. The sulphur compounds are decomposed by 
prolqngcd boiling under the reflux condenser until no rhore hydrogen 
sulphide is evolved. The residual sulphur compounds after this 
treatment are practically uimctcd on by strong sulphuric acid. Having 
thus cleaned the ori^^nal sample, the distillate is treated with acid and 
the aromatic compounds estimated by substantially the same method 
as outlined above by Thole ^ (p. 592)*. 

The “feymolite” reaction may be found useful in the examination 
of volatile thinners. The reaction is carried out by mixing 1 vol. of 
the Iftjuid to be tested with 2 voK methylal and adding drop by drop 
2 vols. concentrated sulphuric acid. The solution becomes warm and 
each drop of ^ci 3 prodiioes a mome«tary red colour, and a sludge 
forms. On pouring the mixture into about 300 c c. of cold distilled 
water and making just alkaline with ammonia, the formolite separates 
as a light brown solid, which may be filtered off, dried at 100'* and 
weighed. A preliminary drying over sulphuric acid is desirable.^ 

L. G. Radcliffe * was able to detect i per cent, of benzene iy a 
light petroleum spirit. White spirit and also turpentine give heavy 
“formolite’’ precipitates. 

It is evident that the estimation.of a turpentine substitute contain- 
ing turpentine and •a mixture of aromatic and petroleum h}'drocarbons 
is not very accurate. Tlie method of Armstrong, Marcusson and 
Wintcrfeld, and tuo out of the three methods recommended hy^ 
Salvaterra are not accurate in the presence of aromatic and un- ^ 
saturated petroleum hydrocarbons. The method of Tausch is perhaps 
the most free from enor. Until reliable methods of estimation of 
aromatic compounds in petroleum mixtures have been accepted, it 
isrimpossible for thp paint and varnish analyst to state accurately J:he 
percenleigcs o£ the petroleum and aromatic comfionciys present jn 
admixture with turpentine. » 

' ** , * 

Hexalin, Heptalin, Tetrali^a, and Dekalin. 

The introduction of new '•thinners such as tetralin, dej^aliiP, 
hexalih (cyciohcxanol), and heptalin (methylcytlohex^nol), renefera 
the examination of a petroleijrtn substitute miorc cdmpliptec^ 

The following characteristics of ihf^ four solvents j'ust mentioned 
suggest'thaf these properties serve for an indication of their presence 
although no methods of quantitative estimation in ac^IqiA^ure Vith 

^ Iiatkfoul, /. So(. ( htt u,h lyiyi 
^ Vox .lud hbvvles, loi, ciL^ p. I55* 

' /V;/ hsieU. Oii Jhi.^1^^20, l\( 48 . 

IL 
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turpentine and petroleum are as /et available. Hexr.lin and heptalin 
may be ^estimated by Verley and Bol&ing’s method.^ ^ 


* r 


t 

Uoiiiiit; point 

Sp tr 

Plash Point 

f' 

wr- - 
Refractive 
liuhx 
at 20 C 

Tetralin . 

205-‘207 

0 975 0 

75“ C. 

> l-.^40 

Dekalin . 

185-19-i 

o' 890 

60 

1 ] 467 

Hcxilm . 

IbO 

0 94'> 

6S“ 

< 1-408 

Methyl hex dm 

I 160-180 

0-927 

68 

1 1-463 

u 


P'or other properties reference may be made to N. Heato 
H. Wolff.^ 

Solvent naphthas {tf. p 588) when present in a turpentine sub^rtitute 
behave essentially as aromatic hydrocarbons The fallowing table 
shows the characteristics of benzol, x} lol, and solvent naphtha. 

Solvent naphthas arc fi actions obtained in the distillation of coal, 
and consist of liquids containing solid hydrocaibons The methods of 
Colman, Northall-Laurie, and Jones, can be used for the estimation of 
benzene, toluene, and xylene in solvent naphtha 


2 and 


\ 


90 per (ciit htiuol . 

50 pci cent, benzol . 

0 pci cent, bcn/dl (luhiol) 

Ilea's y benzol . 

Xylol (crude) . 

Xylol (purified) 

Solvent naplitht J. , t 

Solvent naph til i II. 

c 


Ifoiliii}, point Taniits 


f 90 

per cent 

lip to 100 

\100 



120 

f 50 

» » 


100 

\ 90 

»» 


120 

/ 0 



100 

\ 90 



120 ‘ 

( 0 



160 

\ 90 

» » 


\r> 

90 



120 150' 

90 



IIS 142 

0 



1.90 

90 



160 

0 

t 

»* 


145“ 

9e 

»» 


175»* 


bp tr (1 > ) 1 

1 1 iHli Ponit( C ) 

ft 

0 880 

1 

8S3 

below 4" 

0 875 

877 

• 

0*870 

oc 

1 ' * * 

0 920 

915 

1 47 

0 807 

0 SO ' 

860 ^ 
1 

21“ ♦ 

0 878 

8''0, 

#"1 

0 880 

910 

48 


•Fbr the characta^i?tic«i( of other varnish solvents, wood tspirit, 
alcohol, fuser oil, amyl ^acetate, ^kctoyip, chlorinated hydrocarbons 
(tetrachforethane), etc., reference may be made to the special articles 
• dealing witb thbsc substances.' 

^ r Chfm fnJ y lyoi^ 20, l:y$o ^ 

vol iiile SoUents*an 1 JV nt ihinners, 1925. * 

Jht I iiHugsmiUtl (let lelUy Oele Wnhse^. Hivsiy 1*922, 

* / So(.. them, Ij^iLy 1 917,* 36, 489. *' ’ 
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Balsams afid*Resins. 

^alsanms and resins are secretion or excretion products oj* plants 
formed during the course of metaboysm, either under normal con- 
ditions mr caused by disease ; they are mixtures of varying composition. 
Balsams contain resin dissolved or emulsified in ethereal oils ; they are 
mgre err less fluid andlexhibit strong characteristic odours. The resins 
may be considered as oxidation products of essential oils, and their 
consistency vjLrics adfcording to tne relative propoition of the different 
constituents. Gum resins may be distinguished fn^m gums by the 
following simple tests : — ( tJ When a resin is held in a flame it takes 
fire and b»rns with a smoky flame giving off an aromatic odour ; a 
gum similarly treated chars and smells of burnt sugar. (2) A resin 
placed in water is unaltered, wheteas a gum dissolves or forms a 
jelly. (3) When a resin is allowed to stand in methylated spirit or in 
turpentine it ^Hsintcgrate* or dissolves completely or partially. A 
gum is generally unacted on by these solvents. The gums, gum 
arabic, gum tfagacanth, are essentially carbohydrates and yield sugars 
on hydrolysis. The balsams arc solutions or emulsions of resins in 
oil esters, the esters of cinnamic or benzoic acids ; they may contain 
also free cinnamic and benzoic acids. The oleoresins consist of resjns 
associated with essential oils. It is difhcult to draw a hard-and-fast 
line between the two clas.ses by differences in the nature of the resin 
solvents. The balsams arc essentiajly moie fluid than the oleoresins, 
although certain varieties of oleoresins when freshly exuded have 
considerable fluidity, so that the olcoresin may be said to be exuded 
in the balsamic form, hardening on exposure to the viscous solids 
olcoresin. The transforma\ion of a balsam into an olcoresin may be 
a Combination of oxidation apd a polymerisation resembling the trans- 
formation of the latex into solid rubber. The differences are perhaj)s 
rather of degree, although balsams often contain a high percentage 
^fpil esters. •• panada balsam is cla^.sed amongst the oleoresins rather 
than ihft balsams. ^C'opaiba balsam contains 40*to db percent, essenti^il 
oil, and the remainder is a resin. Giwjun balsam consists of a Vesin 
and an essential oil (40 to •per* cent.), A^hich is a sevquiter) 5 ene * 

(C15H24). Storax contains styfolene, ©innaftiic acid, cinnamyl cinnamate, 
styri(rine, nffyj^carpcne and a res«ne. • 

The methods •employed to obtain the? bafisam^ and resins fir^ 
usually so crude that the^ suh^tanctfs which^come an tTic market as 
resins, balsams, and guiif restns are ^completely changed products 
' differing* widely from their orig^lial^ form as they occur in nature. On 
account of the ^reat distanced from*wl#ch Aey come, the nrjany Ita^^^'' 
throygh -K^hich ^hey fcav# to*prA^, a^d tUeir complctdy*ctiangpd ^ 
varying composition., the^ examination of samp^e^^pbtayibd ^irect fi 
the tree and of authentit&ted* piirity i% extremely useful atid 
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fundamental importance. The ahalytical data obtained from such 
genuine^ samples, eg, Peru balsam, have led to definite conclusions, 
but have also shown that the ^commercial article very seldom corre- 
sponds to the genuine resin. A demand for the genuine resvu would 
lead to the refection of nearly all commercial samples. ^ 

Hence in the examination of commercial samiples certain var4ati<jps 
must be allowed, and concordant results, such as are obtained in the 
fats and oils, must not be expected.* Unfortunately the analyses of 
resins not only vary within wide limits, but are occasionally contra- 
dictory. For this reason it is difficult to lay down reliable methods 
of examination or even to fix certain limits within which characteristic 
values may vary.^ ^ 

The perusal of technical literature dealing with resins aiid lac 
reveals the fact that except for shellac and rosin only one definite 
attempt‘d has been made to 'draw up standards' as a basis for 
purchase, but the advent of s) nthetic resins or lac products will in 
time compel more careful examination of natural resins ot their market 
varieties. The important properties of the resins arc colour, hardness, 
lustre, and .specific gravity, us well as solubility and melting-point. 
Among the chemical characteristics arc acidity, .saponification value 
and iodine value. Of these, W. B. Parker considers that the following 
arc suitable for use in specifications — colour, size, cleanliness, habit 
(when of positive value), solubility in various solvents, moisture content 
ash, iodine value, acid and .saponification valuc.s.» The hardness oi 
resins is of importance, but as yet the results are so uncertain as tc 
-render them of little value for standardisation. Preliminary specifica- 
tions for the different varieties of shellac, qammar, manila copal (spirit 
soluble), and kauri have been drawn up by Parker, and the followibg 
table gives the details of the characteristics of the above resins : — 



Solubility m 

Sjnnl 

Sp gr. of Hobitioii 

0 926 ' 

Asli 

lo line 
^ aluo 
(llubl) 

And 
Value , 

. 'Saponi- 
lioatioii- 
1 \.ilu ^ 

raj; 

(lSxtract( 

rotix)]-et 




24 hrs 



Per cei 

Pure button lac 

Blacfe'uuttbn Lie 

160 pts. in 246 pib 
Methylated spirit 

not aj:)ovc 0*6 

8-0 

66 

225 

" ^25 

3-6 

£-0 

14-0 

66 ' 

8-1 

, Lemon ^etlac . 


0*7 

7-5 

. 60 

200 

^ 3-6 

hPiNa shellac . .1 

f 

1*5 

14-0 

66 

^ 225 

8-9 

Pure orange 


l4j 

9*0 

CO 

200 

3-8 

Kauri (geniiineW.Z.)i^ 


Off-ST) 

> ^0-1 25 

34-110 

70-115 


Manila (spirit soluble) 

])^i cent 

0-?6 

98-152 

i.^o-»nio 

140-280 


Dammar (Eiist IndiaR) 

71 per cenfi 
(Coffignicr) 

0-25 

20-60 

20-70 

1 60-14C 



Sy ISahibmy Und Cum 2nd E*g. Ed,, I920;‘T. H, 


^ K, Dicteiich , Ristnsy 
Bai^, A. A. IXivnra^iid and R.'S. Moirell, Naim and ^yulh Uc Resins!^(^2^. 
B. Parkrjr,/. Oii and CoL Ci^m. Assot-^y 1922, 5 ) 2b8 
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It is evideuit^ from the figures given that there is great variation in 
the iodine, acid and saponification values, and the figures given by 
Parlfer are not sufficiently definite for starfdardisation. He Criticises 
adversely the results obtained by thS Amer. Soc. Test. Matls. and 
British Eng. Standards Assoc, in their specifications shellac. It 
must confessed tl^at the chemical characteristics of resins require 
further investigation. Coffignier, who has investigated the properties of 
resins for a numbemof years, sfates that the superficial examination 
by experts iS rarely at fault, and that most of the resins used in 
varnish-making are obtained on their recommendations. Much is to 
be said for^Coffignier’s views, but batches have been known in which 
a closer attention to analytical values would have avoided undesirable 
properties in special varnish mixings. It will not help the elucidation 
of varnish problems if the resins are bought on superficial examination, 
so that in the minings the^special proji^rties of the resin depending on 
chemical composition are ignored. In a colloid mixing, variation in 
chemical composition, however slight, may have great effect on the 
resulting film, and the acidity of a resin may have a decided influence 
on the oil with which it is incorporated. 


Table III.— Chemical and Physical Characteristics of Resin^. 

(Barry, Drummond and Morrell.) 


Hi). Kr. 


Tor coin,. 
Insoluble 

Alcoho] 


AckJ 

Value, 


K'lttsdorfrr 

Value. 


lodiiio 

Value. 


Copuls : — 

^ Zanzibar . 

,, fused 
Madagascar 
Demorara . 
Bcnguela . 
Angola (red"^ 

• „ 

AcciH . • 

Cameroon . 
Kissel 

Sierra Leone 
Kauri (brown) 
j, (bush) 
C#ngo (hfrd^* 



„ (soft) . 
Amber 

Siftidarach . . ^ 

Mastii; (teafs) . 
Dammar (Batavic^ 

»> (Singapore) 
Pontia«%u . • 

Resin . • 0 
Shellac (stick lat^ 


1-05^ i 

... • I 

1*056 I 

1*058 * 

1*066 

1*055 (17" C.) 
1*03:U27 C.) 
1*052 (27"C.) ! 
l*066 (27''g.) I 
1-0645 • 1 

1-053 • ! 

• 1*03 i 

1*061 4 

1*053 j 


1-065 (i;x.) 


i\om 

1;073 

1^7 




• I 

1 *057 CIS" C.) ' 

I i*o^(]6;c.>i 
• 1 *07 ^ 

1*0^9 (1«"C.) ’ 


83*8 

92-6 
67*2 
16*5 
37*6 
15'1 
47-0 
67*0 
,57*0 
02-0 
46-0 
1^-0 
25*3 
30*0 
3-56 
• 2*0 
86 - 0 # 
SolubJI^* 
16*8 
^ 28*50 
f9-lff 
Silluble 
S%1 h1^1b ’ 
14*4 


60-123 

; 75-92 

(>1 

1 37 

48-78 

1 66-83 

97 

1 98-110 

123-134 

73-157 

128 

130-147 

127 _ 

115-160 

85^8 

1‘42 

160 

157 

^70 

118 

•iio 

115-13(4 

70-93 

79 

51-83 

83 

132 

124-13*2 

123-149 

132-153 

•72-f41* 

• 87-215 

^ 146 

. 1*7 

• 97.140 

n5-t54 

139-164 

154-157 

50-70 

70-7% 

. 19-35 

20-47 

30 j 

. 39 • 

134 


165-185 

168-176 

» 



79 

127 


50-65 
61-85 
63-137 
130r 
122 - 1 4 g 
61^66 

. 63 .ii 38 
• 177 


12^184 

9(f 

106 

• 62 
134 
64 
64 
f!23 

119-142 

^164157 

16 
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Table IV.— Chemical and ]^hylical Characteristics' of Resins. 






Raw^ 



Sweated 

at 800“ 0. 


Resin ** 

Atul 

\aiun 

K.itts- 
dorf( r 
Valiu 

r c< lit 
irnsii) 
Matti 1 

lodino 
\ alup 

At 1(1 

KnttS- 

tlorfor 

Value 

Pt r cent 
Uiisap 
Matter.* 

iodine 

Value. 

« 

Sieri.i Leone 

72 

119 

18*8 

106 

13 

115 

17 

125*6 

Manila 

127 

17 :> 

K) 

138 

08 

130 

23 

133*3 

Brazil 

109 

171 

7*6 

128 

40*2.5 

114 

» 

oo 

CO 

137 

Kauri 

37'4 

51 

20 

91 

17 

61 

10 1 

67*7 

Aiiinii I 

18 7 

1 7^^ 

’ C-3 

103 


58*7 

,... 1 

106 

Anmii 2 . 

30 

1 32*7 

76 

127*:) 



... \ 


Ambei 

It) *7 

121*7 

19 

59 





Arneru in icsin 

l.'iS 

182 

0*7:) 

, 122 

140 

153 

i’o 

> 134 

Shellac (d irk) . 

01 

1 203 

3*6 

' 36*5 




1 

Dammar . 

1 35 

32 7 

7(» 

127 

11 

60 

80*6 

127 

Sandaracli (Mo» idor) 

134 

1 113 

1 

112 

0.5 

’^lao 

14*3 

126 

Mastic 

f)2-7 

1 83 


175 


50 2* 

49 

165 


Aiif/ Valne. Direct titration is preferable, but it is often desirable 
to use b(Uh direct and back titration, because useful information 
frequently results from the double test. In the determination of the 
aciSity of resins a neutralised mixture of equal volumes of purified 
90 per cent benzene and denatured alcohol may be used as solvent.^ 
Uncertainty of end-point in the tjtration is overcome by allowing the 
solution to stand for one or two rrvinutes, and observing the upper layer 
of oil and solvent, which at the neutralisation point should be clear and 
/aintly pink. Titration of the cold solution is carried out after the 
' resin has been heated to boiling for a few irfinults with the solvent 

Saponifitatioii Value. In the determination of the saponificatibn 
value II. Salvatcrra” recommends precipitation by barium chloride 
of the soaps formed in the saponification, which decolorises the 
solution and enables the end-point of the titration to be dedd/^d 
more easily. , * , / r 

Iodine Value. The determimtion of the iodine value of resins may 
,be if.stancejl by the American standard 'fnethod for the determination 
of resin in shellac.*^ f , * 

Ground shellac (0'2 g.) is introduced into a 250 dry glass 
stoppbred bottle, 30. c»c. glacial acetic acid added (jneltiqg point I4°*7 
t*o 15"), and the .mixture^ gently ^warnfe^d' until solution is complete 
(except Tor the wax). A purd shellac* is soluble with difficulty^ and 
more rapids solution is*the greater the proportion of resin present. 

. * , / ^ ^ 

^ H. A. anJ R, E Coleman, Circ., 87, Paint Mapuf. Absoc., U.S.A., m20 ; y. Soc, 

Chern^ Indt, 1920, 39, »^6A. ' • ^ ^ 

Zetf., •jeey-,/. Sot. 7 ^ i*' , 

^•ii.S,T.Jlf,^'tSndd)d?t 610, » » ‘ 

« c Hr. 
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Ten c.c. pure chloroform is adde^ and the solution cooled to 2i^ 
25 c.c! Wijs’s iodine mOnochloride solution added, and the mixture 
kept> in the dark for one hour at 2i^ Tv\*cnty c.c. of a 10 percent, 
solution of potassium iodide is then 5 ddcd, and the excess of iodine 
titrated 'Vith standard sodium thiosulphate. A blarj< experiment 
must be canied out with all the reagents in the same manner, and 
th® percentage of ioftine absorbed calculated. When rosin or other 
resins arc suspectec^ in quantit5% the amount of the sample used in 
the test should be kept near to o 15 g According to the Amciican 
specification no pure shellacs shc^w a higher iodine vdluc than 18. 
According to the Ihitish Standaid Sj.»ecification for Aircraft Material 
the shellac in a shell varnish must have an iodine \aliie not exceeding 
32, v^hen determined by the method described above 

From the iodine value of a sample of shellac, if the iodine value 
of rosin be taken^is 228, and that of puie shellac as 18, the percentage 
of rosin in the*sample is given by the formula • — • 


Iodine value of shellac 18, Iodine \alu( of rosin 22S, Iodine value 

f — . 

L *.*1 1 ^ VVJ I V \ • 

Peiccntage of rosin 

The impoitance of the iodine value of resinous material is indicated 
in the estimation of the puiity of shellac Parker, speaking from 
considerable expcrjence, has found* it a good guide to the nature and 
purity of practically every resinous substance. Owing to the colloidal 
character ot most lesinous mateiials the rapid methods of Wijs and ^ 
Ilanus are unsatisfactory.# The b(st method is the Ilubl, the best# 
** duration^' is twenty-four *hours, and the iodine should be in con- 
siderable excess (not less thhn 150 per cent, excess). With the Wijs 
reagent the results may be twice as high as those obtained with the 
Hubl solutioji, and vary gieatl} with the temperature, time of contact, 
•arfd proportiv«>h of the reacting substances (sec p Sli) , 

Solubilitv Thfe method used for the solubility of shellac in b^zelie 
may be taken as t} fiical of ••the determination of the solubility of* 
resins in non-aqueous solvent^. About ^ g. of the resin is [fowdered* 
and addec^to^ioo cc.\>{ crystallisable benzene. The mixture is located 
to al)Out 70'' for one hour vvitli frequent shaking, after whick itis 
cooleS in w^ter to a tcmpcrgituie^ of 7° for two ^lours. The cleifir * 
benzene is decanted and* th? ^psidue viashefl twice with ^lenzotic, dried 
and weighed. • • ^ • 

Moisture, I;or the d^ternaination moisture in a resin the njjethod 
used for^ bleached shellf^c may^be tjken as typical. • Both oi«inge and ' 
bleifched shelve giv^ off vofatile mvttor*at teipperattu;es appfoa^ing 
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Bleached '^shellac alters chemically at these temperatures, losing 
its solubility in alcohol. The usual methods of determining moisture 
by heating in an air-bath at ioo° to no'', are not applicable ift the 
analysis of shellac. It is advisable to dry the powdered shellac in a 
vacuum to c<?nstant weight, and to weigh rapidly, for the lac is^very 
hygroscopic. Another method is to dry shcUac at 38” to 4.3° for 
three hours in a well-ventilated air-bath,^ taking care not to alfow 
the temperature to rise above 43 , otherwise sintering occurs, which 
retards the drying.^ 

Owing to the high price of slvellac, adulteration with spiriltsoluble 
resins, eg, manila and rosin, *is common. The Li cberrnanni-S torch ^ 
reaction (p. 565) is applicable to decide the presence of abov^ 5 per 
cent, of rosin. The characteristic aromatic odour of manila r^‘»in is 
noticeable if the resin is gently heated. 

Reference may be made to the examination of ^ few balsams and 
resins for the detection of common impurities. 

Copaiba Balsam — The balsam is a thin (Para-babam) or thick 
(Maracaibo-balsam) oily fluid with a greenish fluorescence. The 
addition of fatty oils as adulterants may be recognised by incomplete 
.solution in 80 per cent, chloralhydiate solution. Other impurities are 
Giwjun balsam and turpentine oleo-resin. On distillation in a current 
of steam a genuine Copaiba balsam gives a volatile oil showing an 
optical rotation of —7 to —35 for 100 mm. Maturin copaiba balsam 
is now used as a substitute for the "Maracaibo varict^^ 

Gurjun Balsam. — The balsam is a cloudy fluid with a green 
fluorescence. The specific gravity and consistency vary with the 
proi:)ortion of ethereal oil (45 to 70 per exmt.). Gurjun balsam may 
be recognised by the following colour tests: — (m) one part balsa^n, 
twenty parts carbon disulphide and o-2 ^^110504, HNO^; i : 1) give a 
red-violet colour ; {^?) one part balsam dissolved in three or four drops 
of glacial acetic acid and one drop of 10 per cent, sodium , nitrite when 
covered with concentrated sulphuric acid gives a dark vipiet cojpur.^ * 

^ A^aroid Resin is generally too cheap to have afiy adulterants, and 
in dammar resin the conpmon impurity 4s rosin. 

‘ Sandarkc. — A test for sandarac is given by J. F. Sacher : — The 
resin^free from solvent is treated ^ith ether, the* filtered ^ther solution 
evaporated down and the residue treated with a mixture of ten, parts 
ef ether and r»thh teen parts concentrated sulphuric acul to give a 
reddish browr clear liquid^ Without coohng;; half its volume of water 
is added to the^ liquid and the presence of sandarach'is indicated by a 
characteristic odour. 

^ AS.T, K Stan^aids^ p* ^ 5 i 5 * * 
laihen^.ei^ 1913, 2531. , 

" It I . S 4 ch€i, ihuh^ r9l6, 21, 188. 
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Elemi. — The^ resin has a charattewstic smell and it may be also 
identified by preparing amyrin (C30II45OII) from it. The resin or 
mixture of resins is finely powdered, shakch with ether, and the ether 
solution repeatedly extracted with 20 per cent, caustic pota.sh. After 
evaporation of the ether and digestion of the residue for several days 
with cqld alcohol, the insoluble residue is rccrystallised with ether and 
alcohol to give crystalfinc iifcdles of amyrin (melting point 170°). The 
method is not quantitative, • 

Japan Lah. — A method of examination of a sample of Japan lac 
has been devised b}' Majima. Onc*g. of the sample is warmed on the 

• water-bath^to lransi)arenc5% and then heated thirty minutes in a steam- 
heated drying oven ; this gives the percentage of water by the loss in 
weight The dried residue is extracted with absolute alcohol, and the 
filtrate neutralised with A /4 BafOIl)^ Urushiol separates out as an 
insoluble barium* compoiyid. The difference between the weight of 
dry substance and the weight of the urushiol will give the weight of 
the oil in the cample. 

Mastic.-— The presence of sanclarac will be shown by incomplete 
solution of the resin in ben/ene. Rosin can be detected in the usual 
manner. 

Estimation of Resins in Mixtures. * 

The estimation of resins in a mixture by chemical methods is not 
conclusive. The iodine value, aciciity, and saponification value give 
indications, but the composition wiU be speculative and it is only in 
the special case of shellac with rosin that the results can be relied on. 
The identification of the resin ’in all oil varnishes is difficult, as will be^ 

• seen in the discussion of th 5 ,mcthods of varnish analysis. 

•Stewart^ has put forward ^a method of estimation of dammar and 
kauri mixtures, which depends on the extraction of the resin by 
absolute alcohol in a Soxhlet apparatus. The solubility of kauri in 

• ^af)jolute alccihol is, 91-56 per cent, whereas the solubility of damgnar 
is 58-28%per ceut The insoluble component of ,darf5mar,^6-4 per cenj., 

^ is however completely soluble in chloroform. The method of antilysis 
consists in extraction by absolifte alcohol followed by extrai:ticj]i of the 
insoluble residue with^chlorofdrm. * • 

Hk Ingfe 2 #has devised a mgthocl for determining quantitatively 
kauri, •manils^ and dammar in admixture by meaiasjof the acidTaJue 
and solubility in carbon dhulyl^de, Kauri, qianila, and Sammar gums 
hava^cidities 50 to 70, 107 10*156, anrf 30 to 32 respeclively* and on 

•boiling tach»of the gums with a*5 per cent sodium carbonate solution, 
acidulating and Weighin^f flie* precipitated 5 cids, the^yields ^ere 6, 93, 
and 2*5 ^er ^efit rqfpeitively.*^ K&uri ^and manila#afe* cobapletely 
» ^ hern /W., I909, 28, ‘ 
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soluble in benzene-alcohol (i >3),#vhilst dammar leaver 36 to 44 per 
cent insoluble, but dammar is soluble in carbon disulphide. A 
mixture of 50 per cent, kauri, 25 per cent, dammar, and 25 peifcent 
manila when boiled with 5 pdV cent sodium carbonate, and the acids 
liberated and weighed, gave a yield of 24 per cent Calculating a 
93 per cent yield of acids for manila, 6 per cent for kayri* and 
24 per cent, for dammar would require ^ yieifd of acids amoun^?ng 
to 26 5 per cent The application of the alcohol-fcenzene-carbon 
disulphide method is as follows : — One to 3 g. is trcated'with benzene- 
alcohol (1:3), and the white insoluble residue after washing three 
times with benzene-alcohol is extracted with carbon ^ disulphide. 
After the evaporation of the alcohol-benzene and of the carbon 
disulphide, and weighing the extracts, figures arc obtained fromWhich 
the percentages of the three resins present can be derived. The 
analytical results obtained by Ingle from mij^tures of known composition 
'are quite satisfactory. 

Synthetic Resins- — The number of synthetic resins is increasing 
yearly, and reference to Synthetu Resins and their Plasties by Carlcton 
Ellis (1923), and Natural and Synthetic Resins^ Barry, Drummond, and 
Morrell (1926), will show their increasing importance. It is impossible 
to^ refer to the many classes of synthetic resins, but two may be 
mentioned : — 

Phenol-formaldehyde Resins. When phenols and formaldehyde 
(formalin) are heated in the presence of condensing agents, sub- 
stances are obtained which resemble varnish resins in appearance 
and properties. The condensing agenb may be an acid, an alkali, or 
, ammonia. The investigation of these subotances has been developed 
by Baekeland and his collaborators. The chief representative of tfiis 
class is Bakelite, which is manufactured in a number of forms, each 
with important properties. In place of formaldehyde, benzaldehyde 
or furfuraldehyde may be used. Resins of the Bakelite type, affer 
fusion with rosin ror rosin glyceride, are soluble in drying pils and 
Varnish solvents (Albertols). ^teinitzer^ states that when they are 
boiled with caustic soda /)r heated wit)irSoda lime, the phenols liberated 
may be? identified by their qolour reacti/ons. An improvement on this 

f jetjjiod has been introduced by •Herzog “ who (ibtaine4„ blitter results 
y^ distilling the powdered sample in a current of nitrogen. The fob 
* lowing figureashdw the amount of phenol obtained from various German 
product* : — • 

In^elith (Poliak) , 17-8 percent. 

• Resan (Resaifwerke) ^ . . 20-5 „ 

» Dekerit (RaschTg) « « , * * 24-2 

• Vayiran (Traun) . • . • * . * zn; ^ ? 

. • * € 

KumBioffe^ 19^5) 5^I09* ^ ^ Z9angew^ Chent* 192 I, 34 , Aufsatzteil 97 . 
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The identification of the phenoValdehyde resins by* heating with 
soda lime to give*the phenol component is satisfactory in distinguishing 
this flass of resins from resins of the cumanolc and indene group, but 
it is not characteristic, because Japan lac will yield a phenol; Japan 
lac, however, is not soluble in methylated spirit In a, resin of the 
Albeltol section the identification of the rosin by the usual method, 
an8 of the phenol b^ heating with soda lime, will be sufficiently 
characteristic. ‘A si’ijall quantity of the powdered resin moistened 
with cold concentrated sulphuric acid gives a red coloration due to 
phenols. Colophony gives no coloration.^ In the examination of 
phenol-formaldehyde resins, solubility* in volatile solvents and the 
behaviour of the solutions and films therefrom at yd" to lOo" are 
observed, as well as the result of mixing pigments with thin resin 
solutions, because many of these resin solutions thicken with pigments. 

Ciunaronc Rrs%ns. A new class of artificial resins, the cumarone 
resins, has attracted attention latel}'. They arc polymerisation pro-> 
ducts of curoaronc and indene, obtained from coaUtar naphtha 
distilling between iCo'" to 185 , by the action of sulphuric acid. The 
details of the preparation of cumarone and indene resins by poly- 
merisation are given by Barrett' In the identification of cumarone 
resins the following characteristics are of value; — ('uniaronc resiles 
dissolve completely or almost completely in acetone, whilst coal-tar 
pitch, lignite pitch, wood-tar and petroleum [)ilch are practically 
insoluble. Phenol ^aldehyde resins *arc insoluble in petroleum, while 
cumarone resins are partially soluble. llic latter also yield only 
traces of phenols w’hcn heated with soda-lime. Natural rc.sins gencrall)^ 
melt at a higher tcmperaUirc, and, with the exception of pontianac 
revn, have a higher acid nbmbcr, and higher iodine and saponifica- 
tion values, besides being \)ptically active. Cumarone resins are 
unsaponifiable by alkali, so that they can easil}" be separated from 
drying oils. ,The final identification of the resin can be effected by 
'frattional dislfllati( 5 n of the distillate obtained by heating the re*sin 
to 300" 'to 40<^. The largest fraction of the* second distillate Jboils 
below 160'’ to 180" (c umarono, boils at 172')^ Natural resins sucj;i as 
pontianac give a smaller fraction, boiling^ between ido^'to^Scf. The* 
presence oj cumarone* and indene in the distillate can be confirjm^ 
by tlie picrates and bromides (cumarone picrate, m.pt. I02‘ 
cumarone mftnobromidc, mipt.^39" ^ dibromide, iiidenc picratef 

m.pt. 179'' to 180'' ; and indent ^ibromiejp, m.f)t 43' to • 

AT more rapid method, of (i\^tingui£diing J>etween cumarone resin 
* and •pontianac by a ct)lour, reaction witl^ bromine.^ One c.c.^of a 

, ^ P^vate ^ihmunic^ion^rom Ml A. ^frumni^ftcl. - D. 149982, I9€0. ^ 

® Marcusso%/. .Sbr ( 7 iem> I 9 I 9 > 3 ^ ^9 A 

* Wolff, Farhe^i 1938, 
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\o per cent, solution of the resiq, in chloroform is treated with i c.c. 
of glacial acetic acid and 6 c.c. chloroform, and after shaking, i c c. of 
a 10 per cent, bromine in chloroform is added and the mixture allowed 
to stand Cumaione resin gives a led coloration, which after twenty- 
four hours is, dark red in colour. Pontianac resin gives 'under the 
same conditions a yellow orange solution which changes to a yellow 
colour in twenty-four hours The presence of lo per cent, of cumafone 
resin in pontianac resin will give an orange-re(l coloration which is 
permanent after twenty-four hours. 

Oil Varnishes. 

The status of oil varnish analysis is not good, and in the o|^inion 
of Pearce^ it is doubtful whether it gives any idea of the com- 
parative practical values of any two samples of varnishes, because it 
is so difficult to identify the component resins and the state of the 
oil present in the mixings. The determinations which are usually 
made comprise those of thinners, resins, oil, and driers For con- 
trolling the products in the factory the tests include specific gravity, 
viscosity, flash point, colour comparison, drying tests on glass or on 
a#preparcd wooden panel, and the examination of the hardness of 
the film and of its rubbing properties, as well as the action of hot 
and cold water. The dependence of the properties of the varnish 
film upon the composition of the varnish as indicated by analytical 
results is by no means certain, •owing to the difficulty in estimating 
the proportion of resin to thick oil and the want of connection 

^ between the pioperties of the separated ^esins and the physical and 
chemical constants of the sweated gum. The sepaiation and estima- 
tion of thinners is comparatively simple and accurate {c/ pp 582 clsrq.), 
Pearce (/oc, at) has examined the methods for the analysis of oil 
varnishes put forw^ard by Boughton, Dainer, Twdtchell, and ScQtt, 
arrd finds that of Jthe first named to be the best. Before giving ‘the 
details of Botighton's method it is advisable to indicate the jjrinciples 
involved. ^ 

• \h* separation of lesin acids from fatty acids depends on the 

comparatively rapid esterifieatioh of the latter^ so that it is possible 
to ^move the resin acids from the oil esters by m'eans of dilute 
•alftali Provjipioik Has to*be made for the separation ofithe unsaponi- 
fiable cpmpcgientS of the^resig, and for* the oxidation products of the 
oil acids, 'fh^ details of tha mcthocj are .oomplicatted, and probably 
Pearce’s mSdification of^jDughton’s method is the most convenienf.^ 

!fi*rogi*4 Jo & g. of varnisR i| weighed into a 125 c.c. l^Henmeyer 
flaid^, ^5 cc ^oT water added, ^£\#id #010" mi^ctuje boi'joJ over a< very 

^ Ina^Tng them ^ 191*9 ii 200 ^ T.Tearce, ib%d<t 1920, 12, 552. 
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small flame until^only a few c.c. of^afer remain. After the removaf 
of the volatile thinners in this way 25 c.c. each of A^/2 alcoholic potash 
and tfenzene are added, and the mixture refluxed for one hour! The 
solution evaporated to about 10 c.c. and transferred to a 500 c.c. 
separating funnel, washing the flask with alcohol, watet, and ether. 
Thg use of ice-cold ejher and ice-cold water is recommended, and 
very small quaijtities of alccjiol are added when required to break up 
an emulsion. Water^and ether, *100 cc. of each, are added, and the 
mixture^ well shaken. The shaking is repeated three times. The 
ether layer is washed well with water and separated. A weighed 
Erlcnmcycr® flask labelled “Gums” is used to receive this ether 
layer from the separating funnel. The flask containing the first part 
of resins (C^) separated from the other constituents is set asiSc and 
used only to receive the ether extracts of resins or unsaponifiable 
matter (C + E).* The unsajionifiablc part contains bitumens, if present 
in the sample. 

The aqueohs layer and washings ^ are acidified with hydrochloric 
acid, completely extracted with ether, and the ether separated by distil- 
lation from the fatty and resin acids, and the remainder of unsaponifi- 
able matter. To the flask arc added 20 c c. of absolute alcohol, and 
20 c.c. of a mixture of four parts of absolute alcohol and one part 
of concentrated sulphuric acid, and the contents heated with a reflux 
condenser for five minutes. (The ’s^riter recommends heating for one 
hour.) The mixtui*e is .shaken in a# separating funnel with 100 c.c. 
of ether and 100 c.c. of a 10 per cent, solution of sodium chloride. 
The ether layer is separated aVid washed with water, and the aqueous^ 
•layer and the washings of ^le ether layer are extracted with 50 c.c. 
of ^ther. The combined ether extracts (the aejueous layer is discarded) 
arc treated with 50 c.c. of aqueous potassium hydroxide and 
10 c.c of alcohol, and w^ell shaken at least twice after the layers 
• ha\je separated. The ether layer is treated with 50 c.c. of waj:er 
containi^gg 5 c*c. of A75 potassium hydroxidq anfi 5 eg:, of alcohoj, 
and after settling, the aqueous layer ns combined with the original 
one. These layers are extraclfed completely • with ether apd ^all ^the 
ether layers combined^ and washed. .Thetaqueous portion is acidified 
with ihydrdthJieric acid, the res^ji acids (E) extracted with e^»h#a5. 


transferred to the# flask labelled “Gums” and* the solvent dii?Klted 
oflf. The ether layers are tj^<^sfeiTed to Ijie flask, ana the solvent 
remqjted as before. The residue is Vefluxed with 25^ c.c. *of N/z 
•alcoholic potash for one *hourf*and the last of the* unsaponifiable 
matter (C) remo\^d by t#o* of more •extractions with 50 c.<;. poitions 
of ether. extracts Are adied thp.“Gums” hasR, ’the* solvent 

^ tThe aqueous solution •shouki b(f tcstcc^ foi phenols (fropj syn hetic* resyrib^ by acidifj^ing 
and boUine to detect an odour of pheifol. 
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removed and the contents (C + E) dried on a steam-bath overnight 
and heated to constant weight in a drying oven at no'’ to I20^ 
The aqueous layer containing the fatty acids is acidified as before, 
completely extracted wjth ether, ^ and the ether layers washed with 
water. The "'ether layer is transferred to a weighed flask and the 
solvent removed This flask and contents is heated on a steam-^b^th 
overnight, or until all the water is remo" ed, and then heated in the 
oven to constant weight (D). The following diagram illustrates the 
method used. 
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The following results indicate the.jiccuracy of th^ method. Much^ 
depends on the proper d^giee of eestcriJic?.tipn. If the esterifici^tion 

jifttroleum etftcr i» used the f ill/ 'xci<i’5 inH icmiin uncu-^-^ohed and Kiay be 

collttuted separgfely* ,It is a^^^ls^ble in the analysis of uiwnels to rtjnovcHne oxidised oiKacids 
at iJJis liage * • - ^ o ^ 
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is incomplete th<^ resin values are^tofi high, if overdone then the 

^ ^ ^ *— 1 — — - 

.a.gc lb iL 
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Thinpers 
Oil . 


Found 

• 37*1 
44*5 


Calculated 

4 M 

41-8 


97*6 99*1 


A rapid and apprtiximate inefhod of separation of resins and oil 
may be^made \)y extraction with a large excess of petroleum spirit. 
Many of the resins are insoluble in petroleum spirit, or only partly 
^soluble, but, dammar and rosin and softer gums in the presence of 
oil dissolve to a great extent. The method is rough and he 

misleading unless it be remembered that petroleum spirit fails to 
extract all the oil and that some of the gums alone or in picsence 

of the oil may ^di^solve • • 

Three to five g. of the varnish are weighed into a 250 c.c. beaker, 
petroleum spirit is added and the varnish is thoroughly stirred until 
it is well mixed with the spirit. More petroleum spirit is added until 
the beaker is nearly full and the mixture is again stined. The beaker 
is placed in crushed ice and allowed to stand for an hour, when the 
solution is decanted through a tared filter retaining as much gum as 
possible in the beaker. More spirit is added and the residue well 
stirred, the supernatant liquid being ^gain decanted through the filter. 
The operation should be conducted afco , or at a lower temperature if 
possible. The extraction is repeated with smaller quantities of ether 
until the residue is as free as possible from oil. The beaker and the 
tared filter are then dried in tlie oven and weighed, while the petroleum 
eth«5r solution of the oil is distilled in a tared flask, preferably in a 
current of carbon dioxide or nitrogen and the residue weighed.^ 

The following table gives the characteristics of rosin and kauri 
^ep^rated front an od varnish by Boughton's method.^ 


V.inu'ib *• 
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haiMmilualiou 
• \ a^u( 

Ac^d Value 
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J7rom rosin v irnish 

„ 1 rosin, 1 k lUii 1, 

* tt i , 1 j ’»• ” ’ 

„ kauri ^ anil'- II . • 

Untreated kauri le in . ** ^ , 

„ rosin^ . . ^ ' 

] 82?185 
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\30 

124 

’ 165-180 

360-162 

44 -b 2 
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45 
• 41 
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Eslei Valu* 


* 22-24 
72-78 
56 
• 8:) 


^ 3 . 




The identification of. the Piuns .scpaiatcci trom. the .oil .in the 
above- scheme *07 anaVst" is* im«crUiy.. * The .determipation ofAhe 
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^ « 

acidity and iodine value may* furnish indications of the presence of 
a hard or soft copal resin in the varnish. 

The resins separated *by petroleum spirit may be tested for^tosin 
and other resins by the Halphen-Hicks ^ reaction. The gum is dissolved 
in a small quantity of carbon tetrachloiide'and mixed with a fewjdrops 
of a solution of phenol in carbon tetrachloride ,(i vol. phenol • 2 ^ols. 
’carb©\uljUti:a.chloride) A drop of the liq>iid is placed^ on a white tile 
and a ring of bromine in carbon tetrachloride (i vol. bromine: 3 or 4 
carbon tetrachloride) is run round the drop but not touching The 
bromine vapour is taken up by the gum solution and produces ja more 
or less characteristic colour change, uhich may last as long^as ten’ 
minutes under favourable conditions. Some of the colour changes vary 
slightly with different samples of gum resin, and may be modificU con- 
siderably when the gum has been “run,” but generally they are fairly 
reliable. When applying the itest it is advisable *to ,make a sitnilar 
'test with the gum or resin whose presence is expected. It is very 
important to heat a sample of the lesin on a piece of tin plate and 
to notice the odour of the fumes from the heated gum Shellac, 
copals and other resins have characteristic odours The method pro- 
posed by Ik Braucr-^ foi distinguishing between various resins by 
ediour reactions with ammonium phosphomol} bdate is not considered 
by E. Fonrobert and K. Pistor to be suificicntly selective. 


Colour Changes in •c.he Halphen-Hicks Test. 


Rosin 


Colophony 


Dammar 

Eltmi 

% 

Kauri 

* . ‘ 

Manila (spirit soluble) 
^*Mastic . 

Sandarac f * 

^ • 

Shellac V 

Zanzibar Cqpal * . 


Colour 


I (irccn, lapidly chanl^in^ to blue and violet , the lattei 
I lists for a time and tlien changes to purple and 
indigo blue. 

llrown, changing slowly to lilac brown ; gradually 
changes to maroon. •, 

Immediate indigo blue , sometiipes g.aduallyi deepens 
to purple, but generally remains indigo. 

. yVzure blue, changing rapidly to purple. The parts 
fuithest fioin'thc biomine tend to be dark green. 
Slowiy foiuiing fiiflt brownish green , changes gradu- 
cdly to vfolet and finally pifrple ** c 1 
Reddish brown^and carmine near the oroinine ; coffee 
•brown tint f irthest from the b omine^ * 

Persistent It^ac abiosf immediately; gradually changes 
•to violet and vij^ltt bI^>wn farthest from the bromine 
No colour when puie, Init faint bre^wn occasionaU^i^ 
•Light brown foffts slowly, becoming biowni^h violet 
^r clyxolate broiin wil^i some viplet. ^ 

• • * 

* (^hem% 1911, 3, 8^. • 

‘ Chtm, /fit , 1926, 50, J7I. , • 

* ^ F^x and p. 161. 
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A high percentage of unsaponififtbl^ matter indicates the presence 
of dammar. The identification of the fatty acids separated frpm 
the fesin is likewise difficult. Wolffs determines the index of 
refraction of the* fatty acids to identify China wood oil in the 
mixture. ^The octobromid^ test may be used for the •detection of 
menhadipn oil in the mature. De Waele ^ describes a method differing 
only slightly from BoughtQii’s method, in which only the resin is 
determined and the^ percentag(? of oil is obtained by difference, 
after a direct* determination of the thinners. For the details of 
the method the original paper musi: be consulted. 

J. N. Goldsmith’s method (p. 579) m^y be used and the concentrated 
petroleum extract, examined The elaidin maybe collected, dried in 
coal gas and weighed (Fox and Bowles, loi. lii., p. 168). 

Detection ^nef Estime^^ion of Metallic Driers in Varnishes. 

The chief metals to be detected arc lead, manganese, cobalt, and 
calcium. Small cpiantities of zinc and iron are often found in 
varnishes in addition to magnesium and phosphates, the two last being 
components of oil mucilage. Geneially the examination js restricted 
to the detection of lead, manganese, cobalt, and calcium. The ordinary 
tests and methods of estimation may be performed on the ash obtained 
on incineration of the varnish. Nevertheless for qualitcitive purposes 
there is great saving of time if the v«irnish can be treated directly with 
reagents which will detect these metak. ' 

Lead, The varnish is diluted with an equal quantity of light 
petroleum, and shaken for two minutCb with a dilute solution of^ 
•potassium bichromate. lf%^ad is picscnt, there is no sharp line of 
division between the tw^o liiiuids, owning to a precipitate of lead 
chromate at the dividing surface and on the walls of the test-tube. 
If the contents of the tube arc carefully poured aw^ay the lead 
•ghr4>mate is fqimd.to stick to the glass. The test can be applied 
in the pifesenc® of ^manganese and cobalt. 

‘ Mangana>i\ The presence of manganese or cobalt can be detft:ted 
without incineration of the varnfsh by*the follolving method. « ^^ • 

The varnish is diluted witlf an ec^al ^\ume of light petroleum, a 
little water a few”^ drops of potassium hydroxide are added, and 
tnixtui^ well ^shakofi. Some of the water •layer# is^ withdrawn with^ 
a pipette and tested with \ Solution of Ijenzidin^^ in^ acetic acid. 
A bjjtie coloration denotes th^ prcseftcc of either manganese or 
icobalt •In the presence of col^alt it fs advisable to* incinerate the 
varnrsh, treat with hot h>^dfochloric*acidf filifir, and neutrab^s^^ carrfully 
with sodiAn hykoxidfi so/uticn, •^t i^ best-to warm th% solutio^ before 
1 Farb(n^Ze% 191^ 1302. . 75 * ^ . 

^ II. Vollm»itn, ^943* 


II. 
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the addition of the alkali, bat Hhe excess of alkjili. must only be 
removed when the solution is cold. If manganese is present, a red 
colour IS produced on the* addition of a solution of potassium osiJalate, 
which is said to be due to the formation of Kj^Mn*(C204)3*^^H20. It 
is stated that 0-012 mgrm. of manganese *can be detected m io^c,c. of 
solution even in the presence of lead and cobalt.^ , ^ 

Manganese may be estimated by the^usuaf method in the asli of 
the varnish. Details of the bismuthhte method are as follows : — 200 g. 
of the varnish is incinerated and the ash boiled with nifric acid (sp. gr. 
1-2), and during the boiling sodibm bismuthate is added, a Ijttle at 
a time, until the permangantlte colour persists, indicating that the * 
unextracted oil has been oxidised to the fullest e:5ctent. Sulphurous 
acid is* added drop by drop until the permanganate colour disappears 
and the liquid is then boiled to expel the excess of sulphur dioxide. 
When this is complete, the solution is coolgd thoroughly, about 2 g. of 
•sodium bismuthate added, stirred for about a minute ancf filtered rapidly 
through asbestos at the pump. An excess of j \\20 ferrous ammonium 
sulphate is added to the cold filtrate. The excess of iron is determined 
by titration with .V/20 potassium permanganate. The number of c.c. 
of A720 feAous ammonium sulphate used by the manganese divided 
b^ 20 gives the percentage of manganese in the extracted pigment.- 
Cobalt. As in the detection of manganese, the varnish may be 
examined directl) or it may be incinerated and the ash tested. If 
the varnish is diluted with petroleum or benzene', and shaken with 
a weak lemon yellow coloured solution of «-nitroso-/^'naphthol in 
^jlacial acetic acid, a red colour is produced when cobalt is present. 
If /8-nitroso «-naphthol is used the reaction is more sensitive. If thew 
varnish is incinerated and the ash dissuhed in a mineral acid,ithe 
addition of ammonium sulphocyanate *in excess, with a little con- 
centrated potassium acetate and two or three drops of saturated tartaric 
acid (to remove ferric sulphocyanate), will give a bluc^ coloration •'in^ 
the presence^of cobalt due to the formation of Co((^\S)J^?n1 ^ 

Cobalt may be separated ffom iron and chrorftium by the acetate 
separation, and precipitated by mpafis of nitrosO“/^-naphthol from 
hydrocliloric acid solution ^/, pp. 7, 3tJ6). 

Black Bituminous PaFnts and VaknisiIls. 

In the anSlysys of blagk paints<ind |a^Aishes the identification of the 
bituminoils components is vtA*y diffic&lt, 4die pitches present may be 
asphaltumj*, pAroleum 5)itche*s, steartfte pitches, bone pitchesi, coal-tarn 
pitches ajid wood-tar pitthcsii 7 asph^lttims arc*usually uns^poni- 
fiablc,^flav 3 ^ Jhrown to brpwnfeh WacV streak, are fsoluby.. in white 

J. 1920, 25, 1.309. Fox an^ Bo\Wts, loc, cit.^ p. I^. 

\ r. Slai^k, Chem. p. 514 j^elltcci, 1 920, 49, II., 294. 
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spirit and have affixed carbon content erf 1 5 to 20 per cent! Petroleum 
pitches (including blown varieties) are unsaponifiable, neutral and of 
low 4 odine value, and are soluble in whit 5 spirit Stearine^pitches 
contain saponifiable matter up to 65 p*er cent., often with considerable 
acid ^and ^iodine values. They are fairly black in colour and those 
dcrivec^from drying and semi-drying oils aie partly soluble in white 
spirit, whereas those ftbtained from hard and elastic cotton-seed oils 
are insoluble. They#contain 5 t 6 10 per cent, of fixed carbon. Bone 
pitches are irftensely black, and contain 15 per cent, of saponifiable 
matter ; they are only slightly soluble in petroleum thinners, and have 
‘ a fixed carbon«content of 20 to 25 per-cent Coal-tar pitches contain 
free carbon, are ^unsaponifiable and insoluble in white spirit, but 
soluble in benzene hydiocaibons ’ The wood-tar pitches are insoluble 
in white spirit, unsaponifiable, paitially soluble in bcn/ol and insoluble 
in white spirit.^ Stockholi^j tar pilch i^ easily soluble in alkali owing 
to the presence of phenolic derivatives, methyl esters of the crcsol^ 
and of trill} dric phenols 

The following tables (V., VI and VII ) show the characteristics of 
typical members of the class of bituminous substances 

• Table V. 


Aspli iltites 

btriak 

1 

1 s . 

at til # 

1 usibiiitj 

' 1 Hill 

S lability 

111 SS 1 

1 ( rcenlvi,? of 
Situittti (1 

Hydro { 


1 • 



N VI htha { 

carbons 

ilsoniie 

^ Brov\ n 

I li)5 1 10 

1-.0 177 L j 

40 bO 

Pi 1 

\f 0 

r ih imite 

Bhck 

1 r. ] 20 

177 31S C i 

i 0 r> 

0 3 1 

hlftce pitch or rn injik 

, Bhck 

* 1 10 1 15 

121 -r7 C 

20 oO 


ermu(^cz asplnlt. 

Blown to n ick !• 0 ^S-1 12 

U> 16- C 

2,) 9 I 

24 4 1 

npsomte 

Black 

} 10-1 25 

Infusii Ic 

Tr ue 

Tiul j 


r(U( Tita;;t 
of Fixed 
( arbon 


10-20 

20^0 

20-3(f 


Table VL 


• 

% * 

Poll oleum Pitches 

• 

1 lash P )int 

•- 

Ash ^ 

• 

Ijxfd « 
C aibou 

•sdlubUi^ in 

Saturated 
Ilydi 0-* 
caftions 


” 

• » 

• 





Californian pitch . 

(N9 sulphi^)#* 
Mexican pitch 
(Coiftams 4 6^er 
cent, sulphur) 
Tnnid td j>ctroleum 

1 03-1^7 

10 - 10 ? c 

0 95-1 

• 

•12 27 

98 5-09 

55-82 

30 

1 1 015 

60-71 ( • 

1 • • ^ 

. •• 

0 05-2 1 

• i 

20-32 

• 

1 

• 

97 5-98 

• . 

• 

• 

62-76 

• 

38-40 

^ • 


1 16-1-20 

, 55 -99 e. 

0 5-1-28 

29*38 

99*3 

«6-^8 1 

24-38 

(2 2-2^ sulpfiur) 

• 

P 

1 • •• 

1 

1 • 

1 • 

« 

• 1 

I ^ 



^ Coal-tak pitches, lignite and \\ood-tar pitches (Untdining phenols# A trailed with 

aceton^ givJa re^ ^oloraticyi w^h dtezol^/en^ chloirtle On evapowtion of thf acetone 
«xtra^.and boiling ^ icsidue with ^N/i sodiuin^t^tTroxide aiKi*|ihenng, the ii|Xrate is tufted 
with a few drops of a freshl> prep!ired^ige-coW sojution of (^azohanzene chToridt. 
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• 

t 

Flash Poin% 

Insolubility lu 
Benzene 

Percentage of 
Sulplrur 

« 

Iodine Vilne 

.. 

♦ 


• 



Lignite pitch . 

86° C. 

0 

2*14 

93'J 

Coal tar pitch . 

91-92“ C. 

46 

. 0-31 

ft0*0 ^ 

Wood-tar pitdi . 

195 C. 


^ 0-0 

140*0 

Wool -tar pit( h . 

32 C. 

. 0 * 

' 0*0 

36*9 

Stearine jiitch . 

43“ C. 

0 

^ 0-07 

40-4 

Petroleum pilch 

126 C. 

4 

1 -00 

108-5 


* 


•) 


. . * I i 

The fixed carbon of a pitch is determined by heating i g. of the 
sampler in a platinum crucible with a tightly fitting; cover for seven 
minutes over a Bunsen flame, 20 cm. high, the mouth of the Burner 
being 6 to 8 cm. below the bottom of the crucible^ The test should 
jDe made in a place free from draught. The crucible* is cooled and 
then weighed, the cover is removed and the crucible ignited until 
only ash remains. Any carbon on the lid is also burnt off. The 
weight of the residue minus the weight of the ash gives the weight 
of the fixed carbon. If the ash contains carbonates it is treated with 
aipmonium carbonate and heated for a few minutes before it is weighed. 
If the tar contains much free carbon, as in coal tars, the free carbon 
can be determined by extraction of the pitch with hot toluene- 
benzene, whereby the free carbou present icmains undissolved.'^ 
Mansbridge gives a scheme* for examination and identification of 
pitches, which, how^cver, does not apply to mixtures. It relies on a 
division into saponifiable and unsaponifiablc bituminous substances, 
and on the solvent action of white spirit .on the members of the two ' 
divisions. In section (i) the pitches ^ w^holly or partly saponified 
include stearine and wool grease pitches and bone pitch. (Some 
stearine pitches, however, are unsaponifiablc.) In section (2) tj;ie 
pitches which are unsaponifiablc include the naturji? asphaltuins,^* 
pitches of thi coal-\ar and mineral oil group and wpod-tar pitdi. The 
solufiility of the pitches of seeftion (i)^in white spirit may be given 
as Ibllt^vs#*'^ completely 'soluble in white spirit are the stearine pitches 
from non-drying fats and Iv^ool •grease* pitch, containing cholesterol; 
flftches partially soluble in white spirk include the pitcht!, f/om drying 
^nd %emi-drying^ oils and bone pitch. InsoluWe in * white* spirit 

are the hard^and elastic* cotton-Sfeed Cs, “rubber pitches.” The 

pitches of section (2) solubM in whfte spirit comj>rise the rvalural 
asphaltums«ancf soft mirfferal oil pitches. Tartly soluble ifl white spirit* 

^ Cary^Cui*, Sn^ Chem.^ 1912, 4, 5^. 

2^/. ihc. Chtm. /;/!/., 1918, 37, 182^. ^ , 

% The soliy*lity esiictAtd by boihifg*About o*6 g. in lO c^. of wt He spirit, allufvjng lo 
se^lb fir a few ^inutes and ejfamin^g the re^uef 
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are the mineral gil pitches, Trinidad*anti natural asphal turns containing 
mineral matter, and ozokerite pitch. Insoluble in white spirit and 
alscf unsaponifiable are wood-tar pitchy a few mineral oil pitches giving 
an asphaltum smfill when heated, and coal-tar pitches. 

• Jhe ^Analysis of Bituminous Varnishes and • Paints. — In 
BoughJ:on*s scheme (p. 604) of varnish analysis the asphaltic pitches 
will be found ^in the primary unsaponifiable matter, together with part 
of the stearine pitek material. *The saponifiable part of the stcarine 
pitch(^ will Be found in the fatty oils and acids, whereas the resin 
pitches will appear in the resin acids poition It is evident that the 

• presence o^ cd^)als and resins will mak(? the interpretation of the results 
very difficult; nci^crthelcss, it is possible to form a fair opinion of the 
amount of the components, if the examination proceeds according to 
the following scheme.^ 

Bitumincuij [flints, ce^nents, varnishes, enamels and japans may 
be divided into two general classes, vi/. : — • 

(1) Pigrnont or filler absent, including bituminous varnishes and 

japans, also certain bituminous paints and cements. 

(2) Pigment or filler present; including bituminous enamels, also 

certain bituminous paints and cc ments. • 

The first class consists of a vehicle made up of a solvent an8 a 
base The second consists of a pigment or filter combined with a 
vehicle, the latter being made up of a solvent and base. In making 
an analysis of the paint, cemenj, varnish, enamel or japan, (i) 
solvent, (2) pigment or filler, base aic separated and examined. 
The estimation of the solvent may be earned out according to tla^ 

•^methods previously dcscriBed • 

• h\(Wiinalton of Pigment and InlUf in a Piiuminoia^ Vaimsh. One 
hundred g. of well-mixed material is diluted with 500 c c. benzene 
in an 800 cc. stoppered flask and allowed to stand in a warm place 

• until the pigment or filler is settled. The supernatant Ijquij;! is 
then d^^cant^<l into a clean flask of large caimcity. TJ;ie pigment or 

• filler is shaken up with 250 cc mor« benzene and allowed to^stand 
in a warm place until it settl&s,,and,the supernatant liquid^is decanted 
into the second flask. The^treatnjent a^ith benzene is repeated until 
the vehiclg li^s been ^completclj; extracted from the pigment, amy-he 
extrai:ts decanted^ through a weighed GoQph 4:rycible providefl ^yith 
an asbestos tiller. The resfdu|s injthe flask and in*the*Gooch crucibfe 
are washed with benzene Saforc, an<i cornbined with the? balance of 

• the pigmenjt or •filler, which i^^dried at no# and we 4 ghe,d. The pig- 

meflt or filler will conltiif amy ffe^‘ ^^rbwn black or coal-tar* pitch 
carbon. \The benzene petrjeta are* eva^rated at preftyably in 
ati^mospheri<,of coal ga^ to the cajpulateck \^oight the 

^ Abraham, r 9 i 8 ,p. 571.* ^ * 
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base, by subtracting the weights the solvent anc^ the pigm.ent or 
filler from the original solution of material taken for examination, 
The ba*se is then exammed as follows: — Fifty g. is dissolvefl in 
150 g. of benzene, to c.c. dilute nitric acid (i:f) added^ and the 
mixture boiled under reflux for half an tfbur to decompose metallic 
soaps (driers). One hundred and fifty c.c. water is added, and the liqtjid 
again boiled under reflux to remove the nitrjiles ofi’ metallic driers. The 
extraction with hot water is repeated and the benzene solution of oils, 
pitches, and resins separated. The benzene solution ^is distiUed to 
100 c.c. bulk, and boiled under rehux with 300 c.c. of a 10 percent, 
alcoholic potash solution (100 g. caustic potash, 500 c.'c. per .cent, 
alcohol^ and diluted with 90 per cent, benzene to a Utre) for one Ipiour, 
and the unsaponifiable matter separated. The unsaponifiable matter 
may contain sterols together with the unsaponifiable constituents of 
the resins (amounting to 4 ta 8 per ccn^. of the* resins present), 
and the unsaponifiable components of the pitches, asphalt, 

coal-tar pitch and unsaponifiable matter from stearine •pitches. The 
saponifiable matter is dealt with under the scheme of varnish analysis 
already given (p. 604). The difficulties of distinguishing between the 
fatty acids derived from the vegetable oils and those from the fatty 
pifehes which may be present are very great. The following differences 
may be considered as a guide only: — 




iTatty Acida from Oilb. 

Lactone value ... • less than 25 

Kiainei-Sarnow fusion jioint . „ „ <So C. 

JLirdness at 77 F. (Consistomtler) • »> 5 

Colour in mass . . Transluceaf yellow 

to bic^n. 


Tatty Acids from Tiicli©?. 
greatei than 25 
„ „ 80“ c. 

5 

Opaque bi ov\ n 
to black. 


The United States Government Specification for Asphalt Varnish^ 
requires that the varnish shall be composed of a high grade of asphajt 
fluxed and blended with properly treated drying oil thinned tto** 
tbe proper cc>nsistency#with a volatile solvent. It, must be :fSsistant 
to air, lubricating oil, water, afid wheq the contract so specifies, to 
mineral, acids of the concentration herein specified. It must meet 
the following requirements :-A- ' 


^fyearance, — S moqth,anc^ homogeneous ; no liveiing ajid stringiness.. 

Colour . — Jef blatk. 

Flasl^ Pmn % — Not below F# 

Actio?i %vith Ltnsecd Ot^. — Vafxnish niji^t nni: readily To a ^omggetieous ^ 
mixture with an equal volume' of raw KiisetcJ oj. ^ , 

Matter hkgojubh in Carbon Disul/hide.^ Not mpre than 1 j)er cei^. 
nonvolatile gaiter . — Not leSs#thayi 40»pcr cent.* by •weighty ♦ 

— ' ^ JK t 

^ Ctre. F%teau of 104. 
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Fatty Matter. ^ Not less than 20 p«r opnt. of the non-volafile. Must l?o 
liquid and not show «. violet coloration by the Liebermann-Storch test. 

Set to touch. — Within five houis. • ^ • 

Dry hard and tcmtgh. — Within twenty-fotitr hours. 

Tough/fbss. — Film on metal^must withstand rapid bending o^cr a rod 3 mm, 

In.*) in diametei. 

• Working Properties. %~^:xxn\h\\ must ha’sc good brushing, flowing, covering 
and levelling paopeitus. • ^ 

Reustance to^ Diied film must withstand cold watci for eighteen hours. 

Re^stiDiu fa Mineral Aetd^.—X^ne^A film must withstand action of thc^ follow* 
ing ac ids toi six liouts suljihuiic acid, sp. gr. r.25; nitric acid, sp. gr. 1.12; 
hydiochloiic^ac iTl, sp gi r.09. * 

The details of the majority of these requirements have already 
been* discussed ; the method of determination of the fatty matter is 
as follows 


About of the varnish is weighed into a wide-mouthed flask^ 

5 g. of clean dry sand and 50 cc. of benzene added and the mixture 
heated under* a reflux condenser on the water bath until the varnish 
is dissolved It is then saponified for half an hour with 50 cc. of iV/4 
alcoholic caustic soda, and the mixture evaporated to dryness. The 
residue is heated with 50 c c. of water until it is disintegrated, the 
liquid filtered and the lesidue extracted with boiling water until the 
washings are colouiless 1 he ac|ueous extract is acidified with hydro- 
chloric acid and heated until the fatjty acids and any emulsified asphalt 
separate, cooled anfl extracted several times with ether in a separating 
funnel. The ether extracts arc washed to remove acid and evaporated 
to dryness. The residue is taVen up in 95 per cent, alcohol, filtered, 
evaporated to dryness, dried at 105 and the fatty acids weighed and 
returned as fatty matter. , 

Abraham’ describes a method for the examination of the dry 
f^jms of paints, cements, varnishes, enamels and japans which has 
be^n found tTj, yield fairly accurate results: — 50 g. scrapings ace bailed 
with 35# c.c. (ff thg special saponifying agent ,(p. t 5 i 4 ) wnder a reflyx 
condenser for one hour 300^ cc. bei1*zenc-alcohol (i : i) is add^, the 
liquid boiled, allowed to settle ‘and the supernatant liquid ^eesmted, 
into a large flask. Tj;ve extraction is rep^'ated until complete and the 
extrclcts tlfcrt^combined and allowed to stand to recover any fuvttver 


settlings. Tilie rcDidue is dried at 100 , puivcrtsdd^and extradfecl ip 
a Soxhlet for twelve houjs \^itSi bctizene-algohol ( 2 »: i).*^ The^ residue, 
whkk includes yigmenls ‘and Tillers, frfte carbon from tanrs*or pitches, 
also^ atfy nfetallic driers, is dried^ ignited .Jnd weighed* The two 
benzene-alcohol* extract? are* combinefi, e^aporated^ to a wsmalt bulk 
and^exaVine^^as ur^dep the s^tienih fof varnish aimlysrs pf^viously 
de^bed (p. ^04). . . • * • 

Z/f. p *;73 # 
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Cellulose Ester Varnishes and Enamels. 

( 

No ^comprehensive scheme^ for the analysis of cellulose fester 
varnishes and enamels has yet been devised. Muc^i depends on the 
skill of the afnalyst in obtaining clues as^to the ingredients present 
and methods must be devised to suit the particular mixtures un^er 
examination The separation, identification anii quantitative estima- 
tion of mixtures of organic solvents are very difficult without a 
previous knowledge of all the ingredients present. ^ 

D. B. Keyes ^ and A. E. Lain^Tiavc given a valuable summary of 
the principal ingredients of cellulose nitrate lacquers. ' , \ 

Sprpxton ^ states that more can be learnt about a* sample in aVhort 
time by close observation of its behaviour as a film and its c^our, 
together with its price, than can be learnt in the same time frorp its 
chemical behaviour. Nevertheless certain qncthods &re, available and 
J^ield results which are of considerable assistance. 

Dabisch ^ has put forward schemes of analysis of cellulose esters, 
which he admits are only tentative and incomplete. 

H A Gardner describes methods of examination of pyroxylin : 
lacquer coatings. 

^In judging the probable composition of a cellulose lacquer the 
deter^nination of the specific gravity, viscosity, lustre or dullness on 
drying, behaviour upon flowing on glass or spraying on sheet metal, 
thickness of the film obtained ai?d the odour of the various solvents 
, and thinners will be of assistance in judging the probable composition 
(?f a lacquer under examination 

* The viscosity may be determined by tlfe falling sphere viscometef^ 
as standardised by Gibson and Jacobs^ The instrument should ^oe 
calibrated against a standard material such as glycerine == lOO, and 
the result expressed in absolute C. G. S. units, or in a unit easily 
conyerUble thereto. In works* practice the viscosity by the steel ball « 
method is exj^ressei by^the number of seconds taken for/fnc bc^Ji 2 mm. 

^ in dkmeter (0032 g ), to fall through 25 cm of the solution at 18°. 

^ A gkiss cyHnder, 3 cm. wide, is used. A’ modification of this viscometer 
due to Mardles^ can be employed fm opaque solutions in which 
a iTdight is attached to a fine wire, on the other end # of which is 
a counterpoise. Thp wire is hung over a low friction pulley and the 
weight allowed to Vail in the solution, rate of fall is measured by 

the ratebf irisfe of the counterpoise. In the B. E. S. A. Specification for 

^ (hi and Col (hem lurr , 1^5, 8, ^828. » » f ^ Ibid ^ 1926, 9, 33. * 

* Fbite Vatfmhe'i^ 1925. * r * Fathen-Zeti,^ I927d«[609. 

Physical ( hemteal Lxa^im<^t%on\of Wai nlskes i^nd Colou^'^ I 92 > # 

^ 19201117. 473 - '' *. . •* 'V. 

Trans^^Fat aday So(,s 1922^ 18, 337-^ 
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Nitrocellulose. S^rup (2 D. 8th Nou, *921) the Ostwalcf •viscometer •is 
used and determinations compared with glycerine = 100 at 25° are 
made. For details of the determination •of viscosity by «the two 
methods reference should be made to \he British Standard method for 
the determination of viscosity in absolute units, B. E. §. A. Specifica- 
tion, 188, 1923. 

Much informatioil can be obtained regarding the non-corrosive 
properties of* a clc*v lacquer, 01* of solvents to be used therein, by 
evaporating ^ c.c. in a polished spun copper dish. The evaporation is 
performed on a steam bath, and thfe free acid developed from unstable 
nitrated cott«.%n will cause a green discoloration (Gardner). The free 
acidity may be determined by adding to the clear lacquer a neutralised 
mixture of 50 per cent, aqueous alcohol until all the s<5lids are 
precipitated, and determining the acidity of the clear supernatant 
liquid by tit/aticSi with st|Lndard alkali (Gardner). 

The separation of pigments from an enamel is a very difficult 
matter owing to the fineness of the pigment particles and the difficulty 
of obtaining a clear liquid from the highly thinned pigmented lacquer 
either by allowing to settle or by centrifuging ; filtration is impossible. 
Incineration of a 20 g. sample of the lacquer will leave an ash containing 
the mineral components of the great variety of pigments. WJien 
Vrussian blue is present it is necessary to make a nitrogen determina- 
tion of the residue obtained by evaporation of the lacquer with 
allowance for tha nitrogen conteitt of the nitrocellulose, the amount 
of which must be determined. When organic colours are present, 
paranitraniline, toluidine redsiand similar toners, Gardner^ proposes j:o* 
^ precipitate the cotton preaent with water, whereby the greater part o{ 
tke pigment is carried down. After removal of the solvent and water 
the mixture of cotton and pigment can be dried, and the cotton can be 
largely extracted with a light volatile ester such as ethyl acetate. For 
the estimation of the total solids the method recommended by 
^proxton,*'^ i^*simplc. A sample of the lacquer is*vcighcd infcTa wide- 
mouthed bottle ot sample tin ; the rpunded bottom ot^ a weighed fest • 
tube is dipped into the lacqii^r solution, &nd after withdrawal ancf 
draining the wide-mouthed *bottle^ or |ample tin is weighed agaiif. 
Th^ diffej^epge in wctght is the amount transferred to the outside^o^ the 
tubc^ The latter is kept in a warm place^unjil free from the^mell of 
solvent, an3 is then weighed tat ii^tervals until a Huffi^iently constaftif 
weijght is obtained. Th5 aj^p^arance gnd Aanner of dryii^ ®f the film 
» can b^very cor^eniently* studied, and the costing easily removed later. 
as% thimble by placingptbc tube m h^waier for a few se*conds.^ 

Estiff^tatioi^ of the ^ itroceH^dose^^ox^ a mixture coi^tSiiyng nitre- * 
te^lose, rc.fin^and f)igment, anTyl ic^tefe, amy^alcofiq), methyl glcohol 

^ Loc, uL * 
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afld petroleufti spirit, Lorenz ^ pecoffnmends precipitation of the .nitro- 
cellulose with fusel oil Conley^ considers that some nitrocellulose 
remains'in the fusel^oil solution, and recommends precipitation by^the 
gradual addition of chloroform with continuous shalfing. If no resins 
or pigments a^re present, the precipitate pure nitrocellulose, wjiich 
may be filtered off, dried and weighed. If resins are present in coji- 
siderable amount, the precipitate of qitrocellulose^'will be contaminated 
with resin. It is then necessary to dec&nt the clearfliqiior as completely 
as possible, to rcdissolvc the nitrocellulose in the smallest possible 
quantity of solvent, acetone, anfl to reprecipitate with chlorl^form. 
Sproxton considers that no metllod of precipitation of niffoqgllulose by * 
organic solvents is easy to carry out and recommends precipiWtion 
with aqueous electrolytes. A film is first obtained directly frj^m a 
weighed or measured quantity of the original solution as in the 
determination of the total solids. The aipount of fi|m should be 
enough to yield about o*5 g. of nitrocellulose. If oils or resins are 
present, they are extracted with chloroform or any other appropriate 
solvent under reflux or in a Soxhlet extractor. If they are not present 
this step is unnecessary. The film is then dissolved in 50 c.c. of 
acetone and (diluted with aqueous alcohol (50 per cent). The quantity 
camiot be stated definitely, since it differs according to the solubility 
of the. nitrocellulose, but it must be sufficient to convert the solution to 
an opalescent colloidal solution, blue by reflected light and red by 
transmitted light. Such a solution passes unchanged through filter 
paper. On adding to it a dilute aqueous solution of an electrolyte, 
sych as 2 per cent, ammonium chloride, it is coagulated to a manage- 
«able precipitate. The liquid is boiled, allo^^red to settle, and filtered*^ 
through a Gooch crucible and the precipitate dried at 40°. The 
cellulose nitrate is obtained in a .suitable 'form for examination by the 
use of this method. The nitrogen content of the nitrocellulose is 
determined by the ferrous chloride Schultze-Tiemann mctlvxl. « 

I^abisch^ recomnpends precipitation of the cellulose jfcfy petroleum, 
b.{I. 3i°-50°, the lacquer ‘being pyured into the petroleum spirit. It is 
^advisable to try beforehan^l what is the.a/nount of petroleum necessary, 
as it ma5f vary from a small fjacjion of the sample to 150 per cent, of 
its If the precipitate remahis colloidal th& additipp pf a small 

amount of acetic acid is advisable. The liquid is filtered and the fij^tratc 
•contains the laciquef solvents as welj as JJlast^icisers and resins ; some of 
these may he ^rrie*d downVithtthe ccllujose, Jvhich will require special 
► treatment Digestion of, the prtecipitat^rd nitrocellulose with ljutanol • 
will reymove shellac and spirit ^oluWe rc.»in», iffficreas ^treatment ^^^th 

benzene 9r folicencf will remove oil, soluble resins carried , down ^Vith the 

^ ^ * * 

Atner, Leai^r Chem, Ass$c,*, I 919 > I 4 > 5^8. ^ 

kng, Chm* 19^, 7i 882.^ \ * . * ® Loc. ciL 
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C)id 


nit;rocellulose. . It is important that mass to be extracted should I 3 e 
dry and in the form of a fine powder ; it is mixed with sand to make 
the Extraction easy. Treatment of purified* cellulose with a sdlvent of 
low boiling point will give the cellules? in a form suitable for analysis, 
The^ nitrocellulose used in»varnish and enamel manufai:ture contains 
from ij[»7 to 12 2 per cent, of nitrogen. 

Examination of Ti^nners and Plasticisers , — The scheme put forward 
by Dabisch is*morc systematic than the schemes of other investigators. 
He separated the nitrocellulose by precipitation with very light 
petroleum (b.p. 35'’ to 50"), and obta,ins an extract which is fractionated 
up to 200°^ The following is the list t>f solvents occurring within that 
range of temperature. He examines the fractions of 20” to 30'’ for the 


Bolling 


Spec j 

Boling 


Spccifl 

Point, 


Point 


Qravit 

Dogreei 

34-6 

Diethyl ether 

0 7 ‘ 

» 

124 

Glycolmonomethyletlu 

0*97 

42 

M(»t]iylene chloiide 

1 3f 

124*5 

«- Butyl acetate 

0*81 

54 ‘5 

Rtliyl formate 

0*9. 

125 

Diethyl carbonate 

0*97 

56-5 

Acetone 

0*71 

127 

Ethylene chlorlij^drin 

l*i 

57*2 

Methyl acetate 

0*91 

130*6 

Isoamyl alcohol 

0*8; 

65 

Methanol 


132 

M onochlorbenmie 
Glycolnionoeth^^cthcT 

1*:, 

77-1 

Ben/ine 


135 

0*9J 

Ethyl acetate 

0*9' 

187-1 « 

Isoamyl acetate 

o*g: 

78'3 

Ethyl alcohol 

n .o 

138-1‘ 

Xylene 

0*81 

From 1 1 

Fusel Oil Component!: 


140 

Glycolmonomethyleth 

ll*0( 

to 12( 

80*5 

Benzene 

^0*8 

142*5 

acetate 

«-Piopyl ?z-butjrate 

0*8' 

From i 

Meth 3 'letliyl ketone aim 


.145 

Butyl propionate 

0*8J 

to al)Oi 

light Acetone Oil 

1 ai. 

150 

Glycolmonocthylethci i 

0*9: 

, no 

82-4 

Isopropyl alcohol ' 

abc 

•0*7 

155 

acetate 

Ethyl lactate 

i*o; 

87 

Isopropyl acetite § 

0*8 

157 

Cyclohexanone 

0*9- 

87 i 

Trichloroethylene 

1*4 

156-1 ( 

Chiortoluene 

i*o: 

^97*5 

«-Froj)yl alcohol 

0*8 

160 

Isoamyl propionate 

0*81 

99-2 

Ethyl propionate • 

0*8 

163 

«-Butyl «-butyrate 

0*81 

100 

Water 

1 1*0 

163 

Dimethyl oxalate 

I'li 

102 

ff-Propyl acetate 1 

0*8 

164 

Diacetone alcohol 

0*9; 

• 108*4 

Isobutyl alcohol 

0*8 

165-1 : 

Methyh yclohexanone 

0*9! 

^10*6 

l^luene , 

0*8 

174 

Cyclohexanol acetate _ , 

a*9: 

116*1 

Ibhtjutyl acetate 

0*8 

179-li 

M etlijilcj’-clohexai 

0*9' 

117 

«- Butanol • 

0*8 

I 

• acetite ^ 

1 

119*6 

Ethyl «- Butyrate 

0*9 

1«5 

Diethyl oxalate * 

•1*01 


1 „ T) 1 


1 OA>l .K 

M Benzyl alcohol 

1*0 


corr^sponjlipg solverfts ^ given ^in the table by determination gf^thc 
watej soluble, the^ sulphuric acid insol uble,^wa^er insoluble, anci finall> 
the saponification value of tic fraction mixture. * A» example ^wfl 
shoi^the method of procedure. Suppose 26 c.c. o{*a fraction* b.p. 100* 
• to I25i is collcftecl, and *10 cma is shaken \ylh 25 c»c. of an aqucoui 
calfflum chlorid« solution. • Tihe g£fin ij|^ vokimc of the aqueous splutior 

is 3'8 c.tV or tjie water ^solijbl^ portion in 26 c.c. i<f * Anothei 

•• ***** * * 

^l^or the special methods ^or estimation of individual sol\#nts ieferdnc« hiust bei^ade U 
those c^iven under their names in other voMme!k.of this woik. * ♦ 
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lO cx. of the*ihixture is shaken- wiM^h a third of its volume of sulphuric 
acid (sp. gr. i-8) and 23 cc. is undissolved by the » sulphuric acid, /x. 

6 cx. of the 26 c c. of the fiaction collected. ^ 

The saponification value of the remaining 6 c.c/’of the fraction is 
found to be J2i, whereas the saponificaticn value of butyl acetate is 
484, ie, 25 per cent, of the fraction is butyl acetate. Collecting th^se 
results the conclusion drawn is that 6 c.c. cdVisist of toluene and 
petroleum (insoluble in sulphuric acid), 99 cc (water soluble) consist 
of glycolmonomethylether, which is odourless, and 6 c c. of butyl 
acetate, leaving a residue of 3 6 cd, which must be butanol, because it 
is water insoluble, but soluble in sulphuric acid. This'’is j'cpreiented 
by the difference between 26 and the sum of 6 plus 99, i e, 10 i,\from 
which 6*5 representing butyl acetate must be subtracted leaving 3-6, 
representing the amount of butanol given above A similar treatment 
of successive fractions and reference to the list of solvents within the given 
range will enable an approximate composition of the thmners to be found. 

The distillation residue will consist of volatile and non-volatile 
plasticisers and resins. If necessaiy the precipitated cellulose must be 
extracted with ben 7 enc or toluene to lemove oil soluble resins, and 
once with butanol to remove shellac and spiiit soluble resins. The 
res'ns present in a cellulose lacquei may include rosin, rosm esters and 
albertols, which will be found in the distillation residue, and can be 
detected by the usual tests, together with fused resins, dammar, 
accaroid, shellac and bakelites, which occur paitly m the precipitated 
cellulose. The detection of the plasticisers in the distillation residue 

* will include the separation of camphor, which is removed by distillation 
«in steam, and estimated by its optical roUtion if natural camphor is** 

present; and the saponification of the residue and subsequent acidifica- 
tion whereby resin acids and oil acids {eg, ricinoleic acid from castor 
oil), insoluble in water, arc obtained and estimated as in oil varnish 
analysis (p. 604). The water soluble acids include phosphoric, phthalic, 
tartaric*7*benzoic, a<cetic and lactic acids, and carbaipinic acid as 
atfimqpium saft. The alcoholic components of the plasticisers comprise 
•methyl, butyl and amyl plcohols, phenol, glycerine and glycols, which 
Vill be fauriH among the products of saponification. The method used 
de^nds largely on the nature of the sample, and the accurate estima- 
tion o^the components js tedious and in some cases impossible, 

• ^ Irhe following Nst* of plasticisers may be ^aken as representative, but 

it is being adeted to from year to year : — " ‘ 


Boiling Boilmg 

Point . , * I-oint 

Tricresyl photphate , >^50*’ ' Diamyl phthalale . . t • >34o] 

.Tiphenyl jjhosphate* >425" D^cchyl tartiate .... >300“ 

phthalale* 296"* Tnacetm '*67'’ 

DibijM «htha(alfe 340“ Ca.nphof (solid) .... 209® 
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. » * 

Cellulose Acetate Enamels and Lacquers. 

» ^ * 

The methods of analysis of theses products ate much simpler, as 

the rangs of solvents and jplasticisers is more limited, and there is a 
general absence of resins, because cellulose acetates coipbine with them 
v«th Ttifficulty. The ^cellulose acetate lacquers consist essentially of 
solvents, plasticisers and * acetylcellulose, Acetylcullulose is more 
easily precipitated *by petroleum ether than nitrocellulose. After 
filtration and washing with petrojeum ether the acetylcellulose may 
be estimated by its acetic acid coiitcpt. According to Dabisch’^ the 
filtrate miiy be fractionated and examined as described under nitro- 
cellulose lacquers*(p. 619). The distillation residue contains plristiciseis. 
and,' in exceptional cases, resins. If nitrocellulose is present the 
acetylcellulose may be precipitated by meth) 1 alcohol, and the filtrate 
may be exafnined as a cellulose nitrate lacquer, as nitrocellulose is not 
precipitated by methyl alcohol. Sproxton suggests the following 
scheme as a* working basis: — 

(a) The solid content is determined by filming off a weighed 
quantity of solution. The solid content consists of cellulose acetate 
and the softeners, such as triphenyl phosphate, triacetin, tenzyl alcohol 
and acetanilide. After extraction of the film with low boiling non- 
solvents such as ethyl ether, the weight of the cellulose acetate remain- 
ing, and its acetyl group content are determined, Resins are not found 
in cellulose acetate varnishes. ^ 

(^) Identification of the softener by precipitation of the cellulose 
acetate by ether and examination of the ethereal solution for orgaific 
phosphates. 

* (r) Dry distillation up to^ 120° followed by steam distillation should 
• give information about the volatile solvents. TetrachlorocthAne is not 
^ikely to be found in a modern acetate varnish, but is easily recognised 
t its smeh! . Fractionation of the dry distillate and miscibilifcy-jaf the 
fractions should ^how the presence of benzepe, Sicetow and mctl^l- 
ethyl ketone. Quantitative determinations are, according to Sp/oxton 
not likely to be of much use* but a saponiffcation to det^rnjino estej 
(methyl acetate) andean acefylatioiT ifo determine free hydroxyl (ethyl 
alcdhol aftd* possibly methyl alcsohol) may be of value. 




•• 

ATOMIC WEIGHTS 623 


Atomic Weights (i{>25) 




Atomic 





Atomic 



Weight. 




Symbol. 

Weight 

Aluminium 

. . A 1 • 

26-97 

Molybdenum 


. 

‘ Mo 

96-0 

Antiili^dy 

. bb 

121-77 

Neodymium 



* , Nd 

144-27 

Argon 

. . lAr 

39 Qt ^ 

Nion 


. 

. No 

20-2 

Arsenic 

. . As • 

74 * 9 ^^ ‘ 

Nickel .• 


. 

. Ni 

58-69 

l^aniim 

? Ba 

137*37 

Niobium Nb ( 

- 

Colunihiiim C'b) 

93 -r 

Beiylljjiln Be (* 

Glucimim Gl) 

9-02 

Nitiogcn . 



. N 

14*008 

Bismuth . 

. . Bi 

209-00 

O&mium . 



. Os 

190-8 

Boron 

. . B 

10 82 

('^^^en . 



. 0 

16*000 

Bromine . 

. . Bi 

79916 

Pall uliuin . 



. Pd 

ro6*7 

Carl in Him . 

. • . Cd 

1 I 2 **|I 

Pliosphoui^ 




31-027 

Caeskm . 

. Cs 

i32*Sx 

I’latiniim . 



. Vi 

195*23 

( )alchun . 

. (\i 

40-07 

Pot I'-Mum 



. K 

39*090 

Caibon 

c 

12-000 

Piaseod)niHmi 



. Pr 

140 92 

Cerium 

. Cc 

1402s 

iU<lnmi . 



. Ra 

325*95 

Chlorine . 

. . Cl 

35 457 

Iv ulon 



. Rn 

222* 

Chiomium 

. (.1 

52 01 

Rhodium . 



. Rh 

102*91 

Cobalt 

. Co 

5^*94 

Rubidium . 



. Rb 

85*44 

t 0 })J)C 1 

( u 

b 3 57 

Rulhemuni 



. Rii 

101*7 

D) spiojiiiin 

Dv 

162 52 

S 111) Ilium . 



. Si 

150-43 

J rbium 

Ki 

I (>7.7 

Siandium . 



. \S( 

45*10 

Kill opium . 

Jmi 

152-0 

Soleiiiuin . 



. be 

79 ? 

hluorinc . 

r 

19-00 

Silicon 


1 

. Si 

28 oG 

U.idolimuin 

. Gd 

157-26 

biKei 



• Ag 

;o7-88o 

Gallium . 

. (ra 

69 72 

Sodium 



. Na 

22-997 

Germanium 

. « . Ge 

72-60 

Stionlium 



Sr 

87*63 

Gold 

, All 

1972 

' bulj>hur 



. S 

32-064 

IJalmum 

III 

17^-6 

laiitaliim . 



. Ta 

181.5 

Helium 

He 

400 

1 elluiuiin . 



. Te 

127 - 5 '’ 

llolmium 

Ho '' 

163 4 

I cibiiim . 



. Tb 

159*2 

Ifc^diooeii . 


I -008 

J hall HI in 



. '11 

304.39 

hid Him 

. In 

114-8 

J honum . 



. Ph 

232-15 

Iodine 

I 

126932 

Thuiiimi . 



. Tin 

169.4 

Indium 

. Ir 

193 1 

Im . 



. bii 

118*70 

<ron . g 

le 

5584 

Titanuini . 



. Ti 

48*1 

Ifrypton . 

. • . Ki 

82 9 

ruiigsten 



, W 

A 8*4*0 

Kanthaimn • 

• ^ 

138-90 

rianiiiin . ^ 



.i V 

238.17 

Lead 

. Pb 

207 20 

Vaiiadmrn 



, V 

* 50-96 

Jdthiuin . 

. li 

6 Q40 

Xenon 



. Xe 

1^0*2 

Lutecium 

. [ u 

175*0 

Ytterliium . 



. /b 

173*6 

Magnesumi 


24-32 

\ lit Him . 



. Yt 

88*9 

Marijanese t 

Mn 

54 *C 3 

/me . 



. Zn 

6:^38 

Mtici^ry . 

. • 

200-61 

Zireoniuii^i . , 



. Zr 

9 i- 


V 
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oils, 56s 

Hulett jnnific ition of mercury, 167 
Ilulmc See Klein 430 433 
llundcshigcn detcrnmution ot phosphoiic 
icid m iron ore 16 

llui^, C 1 ipp, iiid II ind} — deteiimnalion of 
silicon m duniiinum, 313 
Huist mil}- SIS of Biuiiswick blue, 521 
Hiiium, 1 , and 1 ly, II — volumetric dctci- 
fliiuatiun of nitrogen m iron and steel, 91 
Ilutchiri-# ass 1} ol tin 01 e, 258 
llutehin# H W — 111 dysis of tungsten 01 es, 343 
llutchin md Toiiks an iljsis ol Wolfram oics 

Idbotson — (letciraination of zirconium in non 
and steel S5 - ** 

and Breail} reduction pi stinnie ehloa»Je 
by intmiony, 261 , * 

See Bieiil}, 44 51' 

Ilinski, M , ind v Knorre, G -determination 
, of cob dt in non, 70 
quantitxtiie separation of cobalt from nickel, 
* 3*6 , 

Ingle, H — an ilysis of mixgir/*s pC resina 601 
Iw inicki — determination of nickd m iron, 67 

f f ' 

lAii^c/YNSKi, K —preparation of chrome 
•y^low? 483 

Jicc^s Gibaon, 6i6 , 

jahfda- d^enninatioir of irqp in ^ron ores 
electiometrically, 28 # 

J inuaSth Sne? h tz an dysis of bismuth alloys, 
254 * * 

»alid 'X ehnSrt, ^1. estimation of con»bii)^d 
sulphur in vprmiBofi, 507 
J apnanj- confet assay for gold alloys, 144 
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F. — determi|?ation of cuprous oxide in 
copper, 204 • 

Jean, M, — analysis of alftrainium, 316 
Jelleii See Donath, 4 

Jennison, F. H. — ^lakes from artificial d3Tes, 558 
Johnson— determinatiorf of nickel in iron, 68 
determinatftn of phosphorus in ii(%, 63 
.Sif^Steele, 385 

J<jjpe^*^»#“deterin illation of iron in iron ore, 23 
Jones, D. W, — analysis of conMnercial lead, 232 
Jones, J. L. — el^ctiolytic aetemiiiifition of* 
copper, 173 • * 

Jones. ,^ee Colm:^, 594 
Joseph^ A. -F. -effect ol temperature on re- 
fractive indices of oils, 575 ' 

V. Juptner- doternjination ol carlion in iron, 41 
solution of jgion ores, 4 * 

Jungfer, P. — copper analysis, i<)S 

KallACK and Smith — electiol^tic deteiniina- 
lion of cadraiiim, 309 
Kalman. See Spullei^i2 
Keane, C. A. Justin, W. I ^55, 459 
Keidel, 1 {. See Wagner, II,, 484 
V. Keil, O. See Olicihollci, P., 90 
Keim, A. W.— aftion ol light on vermilion, 
507 

modifications of cadmium sulphide, 479 
Kelbci and Rheinlieimer— dciciininatiou of 
*thc iodine value of dicing oils, 570 
V. Kdler and Lunge- detcdion ol impurities in 
aluminium sulphate, 372 
Kelley, G. L., and Bohn, R. T.- determination 
• oi iion elcctrometncally, 26 
Kerl — anal} SIS of antimony 01 es, 284 
analysis of tin waste and ashes, 271 « 

composition of platinum ores, 15 1 
dry assay for aisenk, 273 
diy assay for iron 01 es, 36 
nickel and cobalt ores, 320 
rccoveiy of silvei from silver chlorMc, 127 
K^m — analysis of uranium 01 e , 345 • 

Kessler — separation of manganese fiom iron 
and alumina, 9 * 

Kettembeil. See Nissenson, 297 


^v. ^norre, G.— detcrminatfbh of manganesefin 
iion j^nd steel, 54, 55 
See Ilinski, M., 70, 326 
Knowles, FI. B. See Lundell, G. F., 82 
I^bayashi. See Baxter, 406, 407 
Koch*’, E., and Sevfeit, K, anhydrous zinc 
sul[i]ii<le in lithopones, 454, 45(1 
Kohn. See Milbauei, 484 * 

De Koninck- deteiminafion of manganese in 
iron ores, 30 

Koppel. S 9 e Rosenheim, 481 
Kramer — spetilic gravity of solutions of zinc 
chloiicle, 384 

and Baniiovv in)iuioiis effect of silver in 
white lead,* 438 

K<nnt — delerniination of nickel in iion, 66 
Kraus - gold assay by iuquartation with 
(.ulmiuni, 149 

Ki mss, C. — separation of nickel f^om cobalt, 

325 

Kieidci - deU'imination of potassium as per- 
chlorate, 399 

• prepat ition of perchloric acid, 404 
Kiemeis and Gerlach — specific gravity ^f 
solutions ol ]>otassium dichroniate, 377 
Schill and (icrlach - six i ihc gravity of 
solutions ol potassium ihiomate, 376 
Kiet/schinaA determin vlicm ol alumina, 373 
Kionpa — Esc Ilk i gold amalgamation assay for 
UK u 111 y, 163 ^ 

King dcteimination of sulphur in iron, 59, 60 
Kiistei, F. W., Siedlcr, P., and Thiel, A.- - 
analysis of hard lead by specific gravity, 
239 • 

Lain, A. F.- composition of cellulose nitrate 
1 lacci tiers f>l6 

Lambeit- determination of manganese in iron 
«ind "^teel, 56 

determination of vanadium in iron and stefel, 

77 • 

Lassieur, A. - clectiolytic deteimination of 
antimony, 285 

Lcdohui- determination of aisciiic in iron ores, 

15 • 


Keyes, I). B. — composition ol cellulose nitiate 
•• lacquers, 61^ 

Kiliani — electrol3tjc determination of silver, 

114 ^ /•. 

Kindei-“Atcimination <ft zinc id iron ores, 13 
Kitto — assay of antimoni.d gold ores, 13 j 
Klein, C. A. ^.S>^ Armstiong, iL E 2 ., 444* • 
Klein — composition of red lead, 498 ^ 

and 1 lulme —bleaching of c|mraercial barytes, 


• 433 t 

elutriation of calcium carbonate, 430 
and Tarish — ^i^utriatiof of calcium carbonate, 


• 430 • ^ 

See Davis, 441 • • • 

V. iCldbukow, N. — nydifications of cadfniiiin 
sulpjiide, 4^9 • • • 

Kna|ip and Ebell — ultramaiiiie, 527 « 

Knop, J. — volumetrlt: determiimtion 8 ( anti 
mony,^86 ^ ^ 

Jtnoir^. E.— cqinBiiation tf G^y-I.ifssac jmd 
methftl^for of silver alloys, 

124 • . ^ 


deteimination of cm bon in iion, 43, 48 
deteimination of oxygen in iion, 87 
determination of titanium in iro«, 2c#, “do 
Lee, K. E,, Fczelef, A. IL, and Reichel, F. IL 
^ - anal^fk of phosphor tin, 271 • 

Lchnert, IL See lanliasch, P., 507 * • 

Lcnher, V.^aiid Melodic, C. C.— volumetric 

• determination of zinc, 2 qf • • 

•iJbnkfr. Risifig, 165 

*Lcnoble, E.- -analysis of white leaiW 443 » 
444 

Lesser- i^cciiJita^jion of antimony iif pre*ence 
, ^ of oxalic acid, 2f7 • • • • 

Leiiba, AF See Diqmrc, L^p 3 ^ 

L<^, IL— volumetric clctermirmtion of copper, 
*184 ^ • 

I Liebig — analysis of led lead,F24i, 500 

Lie^ — determination of gold 4n gold- 
^ silver-copper alleys, I4i6# * 

• Litjfiidiann — determin^ftion of vanSiium, 350 , 

• llindo-Gladdi»|j — deternllhadon of p#^s6ium 

^ in salts, ^85^ 
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Liftk —solubility (Jf 'nickel ammonium sulplytCir 
in Water, 386 , 

sensitiveness of /me oxide to light, 452 
List, h — e>^ct!ol>tic determination \>f lead is 
peroxide, 229 e ^ 

Lodge, detection of palhdium in gold illoys, 

147 , 

L^we — detection of adulteration of chrome 
yellow with lead sulphate, 485 
I ord and Demorest — determin ition of iron in 
Indian reds, 496 r • 

determin ition of m ingme^e m sicnn is 472 
Loienz — estim ition of nitrocellulose m cellulose 
lacquers, 61S 

Low, A II m ilysis of u* mium \ an idium 
otes, 355 , 

assay of tin ore, 2‘5S 

deteiminition of leid with potassium feno 
cjaHide, 231 

deteimmation of ni in^ incsc in non oics, 32 
volumetric detei min ition of copper 1S2, 183 
volumetric determination ol zinc 297 
Seev Schulz 22& * 

Lowry elutriation of calcium cirl on ite 430 
ind M‘natton, L C — bleiehing of com 
inereixl I ir3tcs 433 

Lucas, M deteimmation of told oxygen m 
maiketxlk copper 203 

Luckow, C — elec tiol) tic determination of 
copper, 170 , 

electrolytic sepaiation of lead as peroxide 
*22% 

Ludert—detci mm Ition of miugince m iron 
incl btecl, 55 

Luff xnalysis of I a'-ic lismuth niti itc 3J3 
Lumsden solubility of c ikium acet ite, 367 
Lundbor^ *S/zSunlleig 370 t 

Lundcll, G h 1 cupferron 82 
and Knowles, II 13 cupferron, 83 
Lt ige — determin xlion of alurain i 373 
1 determination of cai bon m 11 on 44 

deteimmation of iron ind ilummi in non 
ores, 6 

determination of sulphur in pyrites cinders, 

33 r 

and Marehlewski gis \ohimetric method 
for determination of c uboii dioxide 46 
and^'Manrer determin ition of tin in iron 
and steel, 85 
Sfe \ Kacr, ^72'^ 

I Lux, A — volumctru cstiination of lead peroxide 
in ^ed lead 500 / 

' < 

M‘CABr, C R an dvsis of h iid le ul, 2i > 
MacpiJlum, I S/u Gregoiy A W, 73 
M*Ca}, Le R W — determination ol irsemc, 

*74.^76 ' ‘ 

M'Creath copper <^ 50 tis<jium cliloride as a 
solvent lor iroi? 43 “ 

Macdougall, 1 fl determin ition of jiotassihm 
as potassium sodiun cobiltinit^ite 410' 
Macfarlane and Gregory - deteiminition of 
sulpiJiur m lion and steel, 59 ‘ , 

M‘Hatton, I^ C" f /// I dwry, 1 . M , 433 , 

»MacInnes, #0 A, ind Townsend, I rl^ — ' 
elfU^rolytic deleLnm ition ^ lead as peio 
o^id^ 230 * f ^ 


M‘I\or and Dittmif — determination * of 
chromium m iron dres, 12 
M‘Kenna— determiiiatfcn of chromium in iron 
01 es, 12 

Mukmtosh— deteimmation of nickel and 
cobalt, 324 ^ 

Mad can# and Thomas — behavK^lir of sterols 
with Hubl and Wijs reagents, 570 * 
M‘Mastei and Goldstein, A E — ciete*»t*{iati|p 
of lead acett^ m white leid, 441 
M‘Namifa Binnister, 731 

insbi idge exan# 1 ition of pitches, 612 
Mnrchal ind Wiernik detection of chromium 
m iluminiuin sulph Ite, 372 « 

M irchlcwski SVe I unge, 46 i 

M luusson xnalysis of cumuli one lesms, 603 
md Wmteifeld inal)sib of turpenwne, 586 
M irden T W Sec Camp, J R , 336! 

Mirdles deteimmation of the viscosity of 
celhil ) e lacquero, 616 ** 

Manno L — vohimet 11c cstim ition of sdenious 
acid, 3 II , 

Marnner i el ungc, 85 , ' 

Mai h, W I sepirxLion of manginese m 
ores containing nickel ind cobalt, 322 
Minm \ Stc \\eis , I , 343 
M istb uim determin ition of tin in iron and 
atcel, 84 

M ixwell See C iiii 40 

Ma}en on detection of minute quantities* of 
gold 137 

Medic n electrolytic sepn ition of lead is 
peroxide, 228 

Meikleiobn, I Set D modi, J , 25S 
Memecke kteimm ition of sulphui m iron 
#1 1 stc el, 3} ^ 

Meissiiei mixtuics of zinc white and blanc 
fixe, 433 

Meister covenng power of lithopones, 454 
Mdler ^ee Moore 472 
Mcllor J mil} SIS of mixed cikium and 

magresiimi t irboniles, 431 ^ 

Meloche C C Seel enher, V , 297 
Mernm^n — inalysis of sodium hyposulphite, 

358 

Merz inalysF of stannous chloiide, 391 
Mctzciier, W See Hofmann, A A , 528 ' 

Meyex, h -detei minntion ol, zinc m zme diy't, 

304 , e ‘ . 

Mc}cr, J C A —preparation of white pig- 
iqents from irtihcial zinc sulphide, 463 
MifiAnski, A ution of light ind air on 
xijtimony vtnmlion, 509 
action ol light qi tungsten yellow, 476 
test for qualit} of permanrat, w^jite, 4341 
Miuiauer — ledlexd, 498 
and Kohn— pieparyticm off lemon chrome 
* yellow, 484 * 

ana ^^elllk, I — electrolytic separation of 
’ lead In analysis ^f chrome yellcAv^, 486 
MiWd^- wet'assay for platinum /ires, ^,34 
I and Hall —analysis of zme and alum» lum 
all'oys,* ' 

.Sy Ricketts 320 ^ ^ 

Minor, 'W -aucllysis of poies coq/^in^ 
eacknium, 309 
MitphelL kSlfifTlehner, 576 
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Milpcherhch— effe<;t of light on trystals of 7inc 
selenate, 452 • 

Mittabch, A See NissAson, II., 277 
Moh», I \oliimetrR aiial3&ib of antimony 
ores, 285 

Moissan — analysis of liluminmm, 312, 313, 

314 * 

Montf, R. II., and Whittemore, t — value of 
* Aim oxide 1^. })igment, 466 
Moore, T. — ass ly of tin ort containing tungsten, 

257 , • , • 

Moore and Mellei dcU imitation of manganese 
m ophrts^ 47 

Morga», H Jl extraition of ‘-nlplmr in^ 
uUiamaiiiit 529 

Mon ell, R S — delcimination of thnkened oil 
in a mixigg, £;82 

punt vehicles, j ipins, and vaini hc"', 
poliinensation test foi tinpcntine 586 
and*Woiimni, W i punts and pigniv-nts, 
428 

^ee Barry, 597 

Morns, t F •m^nulutuic of l»ron/e I lues, 

514 

Morns, R L -determination of potissinm as 
peiehleiratc, Jfoy 

Morn-) an\lysi<? of pot issiiim faul]ibate \17 
determination, of potassium is lotissmru 
sodium eol iltnutntc, 410 
Mifggenth ilei al soil turn of ] romine by fatty 
acids, <^76 

Mulclei solid ilily of metallic silts m w iter, 
362, 363, Z(>% 3^5 

Muller, t , iiid Stanich, I — lomposition of 
Turnbull’s I Uu 522 

Muller, W — determin iti^n eif siilphune wid 111 • 
Stassfurt s ilts, |I2 

and Dilrkes K determiniti n of buljbnne 
acid in Stissfurl alts, 412 
Milliner, Donath, 2-,7 * 

Munkeit, A in ilysis ot rouge, 497* 

^obilt blue, 525, 526 • 

^epiration of eobalt green, 540 


Ntiiiminn -delermiivituin <Jf*ciibon in iron,«47 
deteim^n ition oi nickel in non, 69 * 

See Nissenson, II , 178, 236, 240 
Niederlinder, 1 rnodifie itions (rf cadmium 
suljihide, 479# 

Nissenson, H , ind Cioto,.,ino, F analysis of 
tin 1II03S, 268, 269 
deteimin ition of arsenic i?i 01 es, 280 
and Kettembeil indiritors for volumetric 
determin iiion of zinc 297 
and Mitt'^eli, A dettiniination of iiscnious 
Kid, 277 

and Neumann — inalysis of leid, 23O, 240 
pi ccipit ition of copper with sodium thio- 
sulpli il( , f 7b 

•uid Rust, C elec trol} tie sepu ition of It id 
as jicroxidt, 22S 

and bicdlei, P s iinpbng oi leid intimony 

allots qS • 

VC liimetric determin ition of uitimony, 286 
Noithill L imie '^ee C olm in, 394 
Noiton See Stetstr, 41 

Motelle ind Coil let 11 c of ailiea 111 prepira- 
tion of ulti un iwne, 52b • 

Njmui, I aoliinutiie determin itiem of zinc, 
297 

ORruHOl*! £^, P , and a ICtil, O deteiniina- 
tioii of o\}gcn m nen ind steel, 90 
O’Bnen, W perm inenec^ of iilliopone to 

light, 4^ 3 

Odling determin ilion of usuuc in eopperjl2o6 
Oehmi ebon elelcetioii of pKtuium in gold 
ill )y , I j.6 • 

CHfeiliiii determin itiem ot coppei, 191 
(letermirnlion of gold in goJel-sihci-copper 
1II03, 14^^ 

Opifuius L scliition of red leid in mixture 
of m 4 ru leid ind topper, 4(^9 
Oilowski, A prtripiL ition of copper 'v#th 
sodium thio ulpb it e, 17b , 

Orr I B SI iisitiveness of /me white to light, 
182 


Murmann, F detcrmmiLini ot total* oxygen 
in maiketible tojipei, 203 
Muiray, C B —determin itu 11 ot silica m non 
•• oies, S f 

Musatti, J , u 1 4 roce ^ deteiniin itiem of 
carbon m ircJiji uid steel, \o 
Mylius, Ir, ind I romnf, O.— ifi ilysis of com- 
mercial zine, 301 ^ 

and Nazzntehelli analysis of comnfer^ial 
platinum, 156 ^ 

Naiiwsfn — of coppei in pj^ites, 

191 

NakaAmo — prc^i^nration j^oT zinc imilgim for 
# determination ol titanium, 466 t • 
Nanii IS— determination of chromiiftn i#non, 71 
4let<frmin ition of tungsten in iron, 75 • 
Naumaim— ( 0^1 position of gicen Arths, 
Naziuecnelh See Mylms, 156 
Neher, h. — determiiAtion of arftnfe a? penta- 
sulphtlc, 274 ^ • 

h. SV^i^eigl, F , #82 * • * ♦ 

N^iPm — colonm Ai»c estmation of popper and 
^ non m white lead, 438 * 


< )blw ikl ] trm mence of lithopone to light, 4)62 

• 

Pai mi k— chrome pigments, 484, 542 
Pmsh Su Klein, 430 
Piiker, W B eharictenslics ofccsins,*$96 
Pirkes \ohmetrfl’ determinatjon of copper, 
t8i •• • • 

I^iriy determin itiorf of leid in illo}st242 
icduction^of St mine cliloride b) non, ^60, 261 
volumetric detei mm ition of Antimony, 286 ’ 

• Faii^, F I , ind <.Obte, I IJ -composition of 

Prussi m blues 512,314,517 0^ 

Puthiel copper mil} is, 198 

solutio* of 1:t(^le id in mixture ofniirtc and 
^ 1 u lie icids, 4^9 • • 

Pitchin, C — See Bumi^t^, C. O , 94, 146^ 
Pfiera, \ iss ly of uranmm ^re, 346 
P iftrson, H , and Ulair, H determination 
of nitrogen m Ion and fteel, 92 
^ I^^ton,*B.— anilysjs of basic le id •sulphate, 

• 4J5 * m 

• Pe^r#e — analysis of oil^varmsh, 60J 

• % determinatyiB of arscnlf in ores, 

See E^pHcnyy* 130, ^ 
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Pefct-J olivet, L ^ commercial iron cyanifle « 
colotirb, 51^ 

Percy — detection of pallidium and indium m 
gold alloys, 147 * 

Penlloi} determin ition of «:)])per in iron iifa 
steel, 64 

Perkin, F M — electiolytic determination of 
copper, 170 * 

electrolytic determination of mertuiy 166 
Peters and lidding analysis ol copper 
irsenite pigmentsf (;S4 • 

Petroff G S , ind D inilowitsch A T -dctei 
mination of oxidised luds in drying oils, 

575 

Pettenkofer— iiltr imirinc disc? c 534 
Pfeiffer electiolytir dec oniposiiion of silt* 1 
chloride 127 

Pfund, A H eoloiimeter and ciyptomclei 
tor white pigments, 454 
prepar ition of nciiti d le 1 1 act t itc 438 
Phillipi, P IT din L 289 
Phillips dete rinin ition of snlfliui in iron md 
sted, 59 • 

Ptipson 1 L sensitn eiics of /me ivlntc to 
light 452 

Pickaid, [ A deteimin itiou ol oxygen in 
iron ind steel 8S 

Piest — detection of risin cs cnct 1/1 turpentine 

590 

Piloty and Stock , deteimin ition of irseinc in 
eopper, 205 

Pistfr K I oniol eiL, 1 60S 

PI ittnei — assiy for le id ind silvei, 113 
blowpipe issi} f( 1 goll 136 
Platz — deteimin iti m ol snip] ur 111 non 61 
Poggiale solid lilt) of coj^ci sulphite in 
' watei, 387 

solubility of met illic s ilts in w ater 395 
•Forth, P - an iljsis of lithoponc 457 
Po^ ell, A R See Sch idler W k , 325 
pozzi hscot M F — \olumetiie deteimin iti n 
of copper 183 

Precht- deteimin Ition of mignesium in en- 
nallite, 412 

detei niinaWon of potassium is j-ci chlorite, 
404 

Rottger, 415 

Prettner — deliermination of nickel m iron and 
steel, 67 * 

^ Prefisser — determmafion oftungstid muon, 7a 
J*nce, T* S -electiolytfc determination 01 
coj^jer, 175 # 

Pnnsep, J — ♦•’onfel ass ly for gold illoys, 142 
^ Prmoznik — eleetrolytic dec opposition of l»ivef 
ck^onde, 127 

palladium in gold alloys, 147 
P8zc/%lka~copper analysis, 198 * ♦ 

Vtffahl — separatiorf ofkgold'-m tin ore, 257 

« * * 

^RAlScLiFtE, I. -•-detection of benzene \u 
'** petroleum spirit, 593 , * 

Ransom I orte, 343 
Ransome.^ ilillebrand, 350 * ^ 

• Rauhn — determifiatnon of^ boron m iron and 
^ steel, 87! • * # 4 

Rawlins^^analysia of ftitramariii|/c529 * 

Regan, Sef ©cjjlfft,'^ , 316 , * ^ 


Regelsberger — analysis of ahimimum, 312, 343, 

314 

Rcieh, I , and Richter, T — determination of 
arsenie in ores, 278 ♦ 

Reichel, F H 5 c/ L^, R E , 271 
Reid, 1 W — analysis of niehroin^, 335 
Reinhardt# determination of eopper in iron, 63 
determin itioii of iron in iron ore, 23 J 
deteimin Ition of sulphur in iron, 58^''^ # 

Remington, J S / composition of ultramarines, 

. 529 • ♦ 

and Smith, C — £f lalysis of lithopone, 456 
\ Ries deteimin Ition of arsenic in iron, 64, 

, 65 ♦ 

determination of manganese in iron, 53 
deteimmatio^n of phosphorus in irom 62 
Rliead uid Sext m diy assay fo# aismic, 273 
Rhemheiiner 5 cc Keller, 57o ' 

Richter I S// Reich, I , 278 ^ 

Ricketts and Miller— nickel md cob ill oV^s, 321 
Riemsdijk issay of plitmum illoy, 155 
Rigg G — prcpaiilion qf lithcmone un iffected 
by light 463 w • 

Rih) S/z Irulct, 21 

Rising and J enker electrolytic determination 
ot meiciiry 165 * 

Kolerts, 11 S IlosteUer, J C 2O, 28 
kol erts Austen piep ir ition o< puiegold, 145 
Rolinson dctei mination of potassium ^ in 
pitassiuni sills, 403 

Rohlind, R cuise ot the colour of ullia- 
ininnt 52 S 

R hrs W 6// 1 schweiler, W , 275 
Rooney 1 L in ilysis of phosphor bronze, 
219 

♦ detaimin iti in ol oxygen in iron, 90 

and ( Ink 1 M — deiennmation of phos- 
phorus in iron, 62 

Roozeboom— solubility of caleium chloride, 
306 

Rose H -^naly is of ] ismuth, 246, 253 
sepii itrtin of selenium ind tellurium, 21 1 ^ 
Rose, 1 K cornet ass ly toi gold alloys, 142 
detectfon of minute ciuantitieo of gold, 137 
Rose detection of indium in gold alloys, 147 
detei mination of potassium as sihcofluoride, 

408 , 

distillation test for mercuryi^ibi ^ 

Rosenheim and Kop})el -cobalt yellow, 481 
Rossing — analysis of intimony ores, 5 84 
Rothe,^j — in ilysis of chromium ore, 338 
df lamination ot nickel ind cobalt m presence 
^f non, 323 

' separ itioii of irc^i and alumina m iron ores, 

separation of manganese from iron and 
alumina, lo # f 

^ Renter aisd Precht — determination of sodium 
cnldfide^n potassium chloride, 415 
RowelJ; J — determination of bismuth Coloci- 
'rtetncaliy, 249 t t 

^owell,^R — volumetiic determinatic* of 

^ antimony, ^486 * ^ 

, Rub^camp *Su Zerr, 4(^8, 483„f490, 498, 

• *506,^12, ?t 3 , 551, 554 * t V* 

* Rurup, L4— analysis 4 of titi waste and s, 

. 
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R^st, C. See N^ssenson, H , 228 
Runner, J. T , ana H^tmann, ML — tungsten, 
340 ' • 

Russell -volumetric determination of titanium, 
466 

and Abn^ effect ^)f iddition of Chinese 
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Colouring in ittei a, deteimination of irbcnie in, 
2S1 

< Cop lib i b ilsim, 600 
Copals, characteristics of, 597 
Copper acetate, 388 
aV )y^, an ilysis of, 216 
, aiulysib toloiimetric, 187 
graviinelrit, 169 
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irait ition, deteition of, 150 
touchstone assay, 140 
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• elAtrometric titr ition method, 2j 
* lodir^ methoci, §5 

% peinunganatemcthod, 22, • 

stannous chloride raethdH, 2I| 

» 9 manganese, 20 • 

6hospI^oius, ^ 

^ *ulphur, 33 ^ 

vanadium, 3f 

salts, 3* ^ • • 

cAtection of, m g«ld alloys, •r47® # f 
90.11 minatioff in ^dental g»ld alloys,* 

>57 • . 


lac, Gbi ^ # 

Lacquers, cellulose, analysis of, 616 
acetile, malysis of, 621 • 

iLikcs from arti%ial dyes, 558 
1 ead acetate, 389 
allots, analysis of, 24I 
ind silver issay, 1 13 • 

basic sulphate of, 44^ 
tomincicial, inalysis of, 23a 
dcteimii ution of, in ron 01 es, 15 
estimation of, in metallic ^alts, British 
I haimacopaia, 397 
gl res dcteimiiutior; of lead in, 244 
hud malysionof, 236 
• 1 \ specific gi iviljr, 239 

niitk iuil}sis ot, 240 
mil Ue 389 

01c 22 3 • 

di> 1 i) 224 

wet IS i) ^1 iviniclru determination of 
’ 'd IS met il, 228 

mill i ion ut lead is sulph ite, 226 
mm ition of Je id elceLiolytiedly,as 
1 Cl mde 228 

\ ilunKttie 1 uhrom ilt method, 232 
leiiO( viiiitlt mclliod 231 
11141}} 1 ite mrthod, 230 
u 1 Stc uudd Kc 1 
sli^ iiid}s) of 243 

111] h it( 3 )0 

v\ i U uid islie in ilysi of, 243 i 

uliite uf ht Willie 

woik 111 l}si oi 230 ' 

I inie detc iiiiiiution ol, in lojijier oit 193 

111 non ore ,14 ^ 

,,rccn 153S •* 

I in ced oil deterinni ition of iodine vilue of, 

» 

e\ innn iti m of 567 > 

hex i) 1 amide tc t I )r, 576 
sill slitiites 5S0 
Lith u^c mal}bis of, 240 
use of lb i lament 47O 
I illi jioia 433 , 

1 il> 1 of 435 
tile 1(1 li^lit m 4^2 

* ^ 

Ma( NLsiA dUtfiniiiitK u (7f in non orco, 

14 '* » * * 

VL ignesunn ( uiaoiiiK 365 
chloride ,^64 

sulphite 363 * * ♦ 

"M ijpogaiiy 1 lovia, 471 
M d icliite greens irlilici il, 549 > 

Minganesc 337 

detcrnnii il^on of in iron 7 to* 2^ 52 * 
green, 541 * # • t * * 

in 11 ores, sc|)aration from alumina and 
iron 7 # • * V 

%ilk 

vi )ht, 1^5 

# ingAtse (Ojjiei^ m lysis of 215 » 
ibsicot 476 • 

MJi|t1c, 601 • 

%Mercuiic chjpndc, 39^^ 

Meieu^us^sam, 395 
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Jj/'dex of subjects 


T 

Mcfcuxy, determination of, electrdlytically, f J4 
in aifial^;ams, 164 
distillation test for, 161 
Eschka g^ld amalgamation assay, K62 
impurities in, md punhcat^n, 166 / 

ores, *161 
salts, 395 

Metals, non-ferrous, Sampling of, 94 
Milori blue, 515 ^ 

Mifeeral violet, 535 
Mira^um. See Red lead > 

Molybdenite, determination of molybdenum 
in. 355 

Jdolybdenum, detection ind deteimmation of, 
354 

determination of in iron, 75, 79 , 

ores and their anilysis, 354 

Nmifs ycKoi^, 474 
Nickel alloys, 333 
ammonium sulph itc, 386 
commercial, analysis ol, 330 
detection of, 327 0 

^deteimmation of, 325 
in iron, 14, 65 

on nukcl plated iron articles, 336 
OKS 320 

analysis of, 328 / 

scpiration and deteimuntion of, \iith col all 
321 ^ 

silvfci, silver phttd, 335 
sulphate 385 
jellow, 483 
Nitre, ai ilysis of 419 

Nitrogen, deteimin ition of, in non uid steel, 90 

OCHIvES, 468 
irtifieiol, 474 

p- red, 491 , 

Oikvainishts ujide) Varnishes 
r Oils, drying '^ee undet Dr) mg 
Urpiment, 4'T4 
artifieul, inalysis of, 2S1 
Oxygen, dcteimin ition of, in non, 87 

Pain r vehicles, ex immation of, 563 
Paints, 428 
blacJi, in il3{,sis of, 613 
bituminous, 610 c 
dftermiintion of waiter m, 565 «, t 
volatile) thinners of, 582 j * 

See aho unde/ Pigments ^ 
i’allddifim, deteotion of, m gold alloys 147 
determination of, in dental, gold alloys, |'59 ' 
Pans a,hite, 429 

Perchloric aud, preparation of 404 
Petrojjeumti as substitutes for turp entire, 590 
f'l!enol-foimildehyde#’’esinf 602 
Phosphorus, determmation/jf, in non, #6, 32, 61 
•in marketable c<;fpper, 20$ $ 

^ Phosphor-bronze, analyses of, 219 
Phosphor-copper, 4x11!} sis o', 214 
Pbosphoi«tm, analysis ol, 270 
Figments, 428 »* 

bkek, SS\ 
blue,^^ ^ 


, Pigments, brown, 555 
chromium, 483 § 

determination of smilll quantities of arsenic 
in, 473 f 

green, artificial, 540 
copper, 549 # 

mlxtines of chrome yellow ai»d Pans blue, 

540 

natural, 536 

grey, 467 . 

• lakes fipra artifcial dyes, 558 
fkd, 491 # ^ 

white, 437 , 

intimony oxide, 464 ^ • 

' coloiimtlL? and eryptonietei fof, 45 j. 
nituril, 429 

titinium cfctide, 465 * 

\ioltt, 334 

)ellow, 4C8, 483 * 

Pint oil 590 * f 

Phting baths, (Oj)pei, m dysis of, 223 
eslini ition of ^old in, 138 
silver n^ 125 * « 

Plitnuim illoys, issay of, 1^4 
(ommtieiil inilysis of, 156 
detection of, in gold dloys,»l46 
dctcrmmiUon of, m dentil gold alloys, 159 
01 ts, 151 

1 )c \ ille ind Deljr 13 ’& dr)' issa) ,151 
wet issay 133 * 

PoUssium mtimoiiyl liiti ile, 394 
carbon ite, auilysis of, 421, 424 
chloi mr ite, 396 
c blonde analysis of, 41 4, 42 1 
(hiomite, 375 

t detj Irani Ition of, 399, 408 

vs potassium sodium colnUmUntc, 408 
jierchlonc acid metliod 399, 404 
pi itmu blonde method, 399 
chctfroin ite, 377 
pcinmfanvle, 382 
s ill m mures, analysis of, 418 
s ills, 399 

sulphate, analysis of, 416 
Prussian blues, 312 
idulterated 52 1 
anilysjs of, 517 
minufictuie of,^5i3, 
jiroperties of, 515 
Puicx, 447 

Qu/cki mr, use of, as pigment, 431 

RLAfcGAR, 474 ' , 

afiificnl, inalysis of, 281 
Red ochrts 491 fr ^ 
oigde, 492, 494, 497^^ 
le/C,498» 
iwilysis'of, 241, 499 
.^Vtiiicialiy colouitd, 504 
pronertics of, 504 

ms,^ 95 » « I 

itimation of, in mixtures, 601 ‘ 

[ftiphen-Hieks ^est for, 608 ^ ^ ( 

mtheti^, 602 , f * 

.hies ot characteiistics of, 5^ 597j ^ 
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R^saniline) detergiination of arsenic in, 28z 
Rougel polishing, analysis of, 497 

SAfiffS, metallic, and their analysis, 357 

estimation of arsenic and lead, British 
PharmacopooH, 397 
Sampling of^rcs and metals, 2, 94^ 

Sai^arac, 600 
Scheeleip green, 55*. 

Selenium, determination bar silver, 

in marketabll copper|i2l i 
Shellac^ 596 ^ 

Shot, iinalysis of, 242 

Siennas, 470 * 

Silex, 437 m ^ 

Silica, deterijjinanon of, in coppbr ores, 192 
in iron, 5, 50 
use of, as pigment, ^.37 
Silictfn-bronze, analysis of, 220 
Silicon-copper, analysis of, 215 
Silver alloys, dry as^y, 115 

imitation, iet|cnon of, 128 ^ 
wet assay, Gay-Lussac’s method, 117 
Volhard’s method, 122 
assay, combinAl with lead assay, 113 
dry, cupellation, no 
extraction with lead, 102 
^ and wet combined, 114 
'auriferous, determination of gold in, 147 
bar, analysis of, 124 

chloride, electrolytic decomposition of, 127 
crude, determination of gold in, 148 
• determination of, gravimetric, 124 
in plating solutions, 125 
in Rental gold alloys, 157 
nitrate, 396 
ores, loi 
analysis of, 1 14 

recovery of, from silver chloride aild thio- 
cyanate, 126 

,, table for computing troy weight of, per long 
and short ton, 113 
Silver-copper alloys, analysis of, 222 
Slag, determination of, in iron, 92 
Smalts, 525 
f Sodium acetate, 363 
^luminate, 375 
chloraurate, 
chromVite, 376 ® 

dichromate, 377 
hyposylphite, 358 
nitrite, 360 
permanganate, 383’ 
phosphate, 36^^ 
sliicate, 3x^1 
stjftmate, 30^ 

^ sulphide, 359 ^ 

thiosulphate, 357 
Stand oil, 582 
Stannig chloride, 391 , 

Stiuinous chloride, 390 
Stassfurt salts, analysis of, 4ic,> 

Steel, analysis of. See under Ison 
•igt^lilu^ 513. ^ 

Stfo^sdium nitn{l€^ 368 
•yellow, 491 


w 

Sidphur, determination bar silver, I 2 jp 
• in copper ores, 191 • 

in iron, 19, 33 ) 57 
in miAketable cOppcr, 204 ^ 

Sulphuric acid, cj;ude, determination of arsenic 
in, 282 • 

Tartar emetic, 394 » 

Tellurium, detection ofpin gold ore, 13 1 
determination of, in marketable copfier, 
2II# * ^ 

Temper- carbon, determination of, in iron and 
steel, 47 
Tetralin, 593 

Thorium nitrate 370 ' ^ 

Jimonox, 464 
Tin alloys, analysis of, 265 
amnioniuni chloride, 392 
commercial, analysis of, 264 0 

determinaiifiu of, gravimetric, 259 
in iron, 84 

volumetric : ferric chloride method, 262 

• iodine method, 260 
dross, analysis of, 272 

ores, 255 ’ 

dry assay, 25^ 
wet assay, 257 
salts, 39C^ 

separation of, fiom antimony and arsenic, 
237, 265, 288 

slags, analysis of, 272 • 

waste and ashes, analysis of, 27 1 ^ 

Tin-lead alloys, analysis of, 241 
Titanium, determination of, in iron, 29, 80 
oxide, use of, as pigment, 465 
Tungsten bronze, 558 

deteimination of, in iron, 21, 73 
metallic, analysis of, 343 
ores, ^40 

anSysis of : Berzelius’ method, 341 
Bullnheimer’s method, 341 
Greiner’s method, 343 
Scheele’s method, 340 
yellow, 476 
Turnbull’s blue, 522 
Turner’s yellow, 476 * 

Turpentine, American Specification for, 586 
British Standard Specification for American. 

. 584 o . 

estimat.Di* of, 584 •! 

* substitutes, 590 ^ 
table of, varieties of, 589 

Type meta*i, analysis of, 242* 

> » 

Ultramarine, 527 
analysis of, 529, 5 30 
const’|;utic»n and colouring prinviy*^ v», 
properties of, ’53 5 > ^ - 

Umber, 555 

Umbers, analysis of, 472^ * 

Uraniury, determination of, in iron, 86 
ores, 345 ' ' , 

^ ailulysis of, 345 

Patera’s method, 3^ 

’ * Rose’s method. 345 > 

j ^yellow, 477 .b‘» 

Uraniu^-'5ar*^dium 352 
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Wood*s metal^ analysis of, 5J4 ^ 

Wulfenite, determinaliow of molybdenum in* 
355 
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V^^ADirM, detectiSn of, in minerals and rods, ^ 

348 

determin|tion of, in iron, 34, 77 ^ 
ores, 348 
anttlysis of, 351 

Varnish, Asphalt, United States Specification 
for, 614 

Varnishes, black, 610 t 
% analysis of, 613 
cellulose ester, analysis of, 616 
estimation of nitrocellulose, 617 
examination of thinners and plasticisers, 
619 

^ detection and estim^ation qf metallic driers 
in, 609 

lithographic, 582 
oil, analysis of, 604 
volatile tkinners of, 583 
Venetian reds, 494, 497 
Verdigris, 550 
Vermilion, 506 
antimony, 509 

V\fHITE leads, 437 
analysis of, 439 
substitutes for, 445 
spirit, 591 ^ f 

British Standard Specification for, 591 
Whiling, use of, as pigment, 429 
Wolfram ores, analj^sis of, 340, 343 


Yellow ochres, 468 

e 

Zinc icct|je, 385 
alloys, analysis of, 305 
chloride, 384 

commercial, analysis of, 301 
determination pf, in iron ores, 13 
^ in litnopone, 4^5 ^ 

dust, analysis of, 303 
greens, 548 
grey, 467 
lead pigment, 445 
metallic, analysis of, 300 • 
ores, 292 

analysis of, 297 * 

determination of zinc, gravimetric, oiectro- 
lytic, 294 

as zinc sulphide, 203 
volumetric : potSssiu» ferrocyanide 
method, 297 
Schaffner’s method, 295 
sulphate, 383 • 

waste and ashes, analysis of, 306 
white, 448 ^ 

yellows, 489 * * * 

Zirconium, determination of, in iron and 8lt;el, 

85 
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